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18.0 INSTRUMENTS

18.1 ADVANCED HIGH RESOLUTION RADIOMETER (AVHRR)

18.1.1 FUNCTIONAL DESCRIPTION

18.1.1.1 Introduction

This section describes the five channel Advanced Very High Resolution Radiometer
(AVHRR/2)  developed by ITT-A/OD. The AVHRR/2  is used as the meteoylogical imag-
ing system on the TIROS spacecraft.

The AVHRR/2  is an imaging system in which a small field of view ( 1.3 milliradians by 1.3
milliradians) is scanned across the earth from one horizon to the.other  by continuous 360’
rotation of a flat scanning mirror. The orientation of the scan lines are perpendicular to the space-
craft orbit track and the speed of rotation of the scan mirror is selected so that adjacent scan lines
are contiguous at the subsatellite (nadir) position. Complete strip maps of the earth from pole to
pole are thus obtained as the spacecraft travels in orbit at an altitude of approximately 450 n. miles
(833 km). All five spectral channels of the AVHRR/2  are registered so that they all measure energy
from the same spot on the earth at the same time. All five channels are also calibrated so that the
signal amplitude in each channel is a measure of the scene radiance. The radiometers are designed
to operate within specification for a period of two years in orbit.

18.1 .1.2 Data Products

The AVHRR data are used to produce the following four data products.

(4

tb)

(cl

Continuous spacecraft-recorded Global Area Coverage (GAC) data from the AVHRR will
be provided. The GAC data are at 4-km resolution. The global data are required at the
central processing facility with minimum delay for use in numerical prediction models
and will be routinely recovered by the two existing Command and Data Acquisition
(CDA) stations.

Spacecraft storage of data from selected Local Area Coverage (LAC) (approximately 10
min) of each orbit at high resolution (1 km) for central processing will be provided.

Continuous direct readout of two channels of AVHRR data to ground stations of the
Automatic Picture Transmission (APT), worldwide, at low resolution (4 km) will be
provided. Reduction of panoramic distortion will be accomplished by the Manipulated
Information Rate Processor (MIRP). The continuous real-time transmission of sounder
data to this class of stations will be provided.

18.1-1



_ (d) Continuous direct readout of four (or five, where applicable) channels of AVHRR data
of the High Resolution Picture Transmission (HRPT), worldwide, (l-km resolution) will
be provided to the ground stations.

18.1.2 SYSTEM DESCRIPTION

18.1.2.1 General

The AVHRR/2  is a five channel scanning radiometer providing two channels in the visi-
ble near infrared region and three infrared channels. The AVHRR/2  has two one-micrometer
wide channels between 10.3 and 12.5 pm. The instrument utilizes an 8 inch diameter collecting
telescope of the reflective Cassegrain type. Cross-track scanning is accomplished by a con-
tinuously rotating mirror direct-driven by a hysteresis synchronous motor. The three infrared
detectors are cooled to 105 Kelvin by a two-stage passive radian:  cooler. The data from the
five channels is simultaneously sampled at a 40 kHz rate and converted to lo-bit binary form
within the instrument.

A summary of the AVHRR/2  characteristics is given in Table 18. l-l. Figure 18.1-1 shows
the outline configuration of the instrument.

The AVHRR/2  is comprised of five modules which are assembled together into a single
unit instrument. These modules are:

Scanner Module
Electronics Module
Radiant Cooler Module
Optical Subsystem
Baseplate Unit

These modules are shown in the exploded view of Figure 18.1-2.

18.1.2.2 The Scanner Module

This module includes the scan motor, the mirror and the scan motor housing. The scan
motor design is based on the motor developed for the SCMR (Surface Composition Mapping
Radiometer), an 80 pole hysteresis synchronous motor. The motor has two power modes of
operation and is normally operated in the high-power mode (- 4.5 watts) in orbit in order to
minimize scan line jitter. The scanner housing is an integral part of the motor and is made of
beryllium. The scan mirror is also made of beryllium and is = 11.6 inches across the major axis
and 8.25 inches across the minor axis. The scan motor rotates the mirror at the 360 RPM to
produce a contiguous scan of the earth scene. The line-to-line jitter is less than 17 microseconds.

18.1.2.3 Electronics Module

The electronics module is in two sections both of which bolt on to the instruments inboard
side panel. The curved box (Reference Figure 18.1-2) is the motor power supply. Twenty-fiie

18.1-2



Table 18.1-  1 Summary of AVHRR/2  Characteristics

L

Spectral Range (FM)

Detector Type

Resolution (N. Mi.)

IFOV* * (milliradian)

S/N @ .5% Albedo

NETD @ 300K

MTF (1 IFOV/Single
Bar)

Optics -

Scanner -

Cooler -

Data Output -

C o m m a n d s  -

T e l e m e t r y  -

Power -

, Size -

Weight -

Ch 1 Chm2

.58-.68

Silicon

59

1.3 sq.

>3:1
-

.725-l  .O

Silicon

.59

1.3 sq.

>3:1

-

> .30 > .30

Ch 3* Ch 4*

10.3-l 1.3

HgCdTe

.59

1.3 sq.
-

< .12K

> .30

3.55-3.93

InSb

-59

1.3 sq.
-

=G .12K

> .30

8 inch diameter afocal Cassegrain telescope

360 rpm hysteresis synchronous motor with ribbed bery’lilruri  s 2.17
mirror

I

< .13K

> 30

two-stage radiant cooler, IR detectors controlled at i ;rqii

10 bit binary, simultaneous sampling at 40 KHz rat,-

28

14 digital, 20 analog

28.5 watts max.

31”~ 11”~  16”max.(SeeFigure  18 .1 -1 )

65 pounds max.

* NOAA designation of channels 3 and 4 are reversed.
**Tolerance of IFOV values are k 0.2 m.r.
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electronic boards are used to make up the electrical system of the AVHRR. Nineteen of these are
located in the electronics box. The visible channel preamplifiers for the visible channels and IR
channels 3 and 5 are located in the area of the secondary optics. The IR channel 4 preamplifier is
located on the rear of the radiant cooler housing.

18.1.2.4 Radiant Cooler

The radiant cooler module is made up of four basic assemblies. These are (1) the cooler housing,
(2) the first stage radiator, (3) the patch or second stage radiator, and (4) the cooler cover. The first
stage radiator is configured in such a manner as to shade most of its radiating area from the earth by
the cooler cover when the cover is deployed. A “single shot” solenoid actuated, spring driven
deployment system is used to deploy the cover. Mounted on the cold (105 Kelvin) patch are the
three infrared detectors. The patch has a 22.4-k? radiating area. The cooler housing surrounds the
cooler on all sides except for the radiation area.

Multilayer insulation thermally separates the first stage radiator from the housing and the first
,stage  optical window is tnermally isolated and heated several degrees warmer than the 17 1 K radiator
,temperature  to prevent condensation on it. The patch is thermally isoIated  from the first stage by
low emissivity surfaces (gold to gold) and runs at 98K with no control power. During nominal
operation the patch temperature will be controlled at 105K.

18.1.2.5 Optical Subsystem

The optical subsystem consists of two separable subassemblies, a collecting telescope and a relay
optics unit. The telescope is an 8.0 inch diameter aperture, reflective Cassegrain of afocal design
(collimated output). The relay optics split the telescope exit beam into five discrete spectral bands
and focus them onto their respective field stops. The spectral bands are:

Channel 1: 0.58 to 0.68 micrometers
Channel 2: 0.72 to I.05 micrometers- -
Channel 3: 10.3 to 11.3 micrometers
Channel 4: 3.55 to 3.93 micrometers
Channel 5: 11.5 to 12.5 micrometers

The instantaneous field of view is 1.3 by 1.3 milliradians in alI channels and is defined by an aper-
ture plate in Channels 1 and 2 and by the detector active areas in Channel 3,4 and 5. In addition,
the optical subsystem has been designed to meet the total system MTF requirements with the
detectors registered off axis by as much as 1.5 milhradks  in Channds  1 and 2 and 1 milliradian in
Channels 3,4 and 5.

Polarization effects have been minimized (<7% in Channels 1 and 2) by orienting the polarization
sensitive elements in a predetermined way, thus having some elements compensate for other
elements. This assembly is shown in Figure 18-l-3.
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Figure 18.1-3 AVHRR/2  optical configuration.

18.1.2.6 Baseplate Unit

The baseplate unit is the common structure to which all other modules are secured. Dowel ._;.-ii:,
are used to establish and maintain alignment of the scanner and optics modules. Alignment of the
cooler to the optics is established by shims.

18.1.2.7 AVHRR Data

The output data signals supplied by the instrument to the spacecraft fall into three categories:
outputs to the MIRP, digital-B telemetry, and analog telemetry.

The specific signals supplied by the AVHRR are detailed in the following paragraphs.
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‘18.1.2.7.1 AVHRR Outputs to the MIRP - The data from each of the five channels will be
digitized in the radiometer to a IO-bit word and brought out of the instrument as a IO-bit parallel
digital output to the spacecraft MIRP. In addition to these digital signals. the line synchronization
signal will also be routed to the MIRP on a separate buffer isolated line.

18.1.2.7.1.1 Line Synchronization Pulse - A line synchronization pulse will be sent
at the beginning of each mirror scan. The characteristics of this pulse are as follows:

(a) Duration - 100 psec
(b) Repetition Rate - 6 pps
(c) Noise Spikes - Less than l/4 signal amplitude
(d) Scan Line to Scan Line Jitter:

td

(0

to the MIRP

(1) Less than 17.2 psec for 98 percent of jitter measurements taken
every scan line over a 20-min period.

(2) Less than 34.4 psec between any two scan lines within a 20-min
period.

Pulse Level - The sync line output is nomlally at ground level (0.0 to
+0.4V). The sync line output goes to the +5V level (+2.40 to +5.25V)  for
the duration of each sync pulse.
Shielding - The shield of the sync line is tied to AVHRR chassis ground.

18.1.2.7.1.2  Radiometric Data Lines - A separate analog video signal is generated within the
AVHRR for each of the radiometric channels in the instrument. The data for each channel is
converted to a single IO-bit digital word prior to being transferred to the MIRP. Upon receipt of
a Data SamplePulse, thedigital words(one for each radiometric channel) are transferred sequentially
to the MIRP. The data in each word is transferred by parallel readout of the IO-bit word through
ten output data lines.

(1) Content. The information content of each data channel is shown in Table 18.1-Z.
(2) Digitization: lo-bit  words
(3) Output: Parallel readout. 10 bits
(4) Output Timing: Initiated by each Data Sample pulse as shown in Figure 18. I-4.

Timing details are as follows:

Transfer of AVHRR digitized data will be accomplished by 10 parallel lines representing
parallel word transfer. At 5T f 300 nanoseconds after each sample time (the negative going edge of
the clock which is coincident with the high or true state of the sample pulse) the AVHRR will
transfer parallel digitized channel 1 data to an output register and hold it there for 5T f 300 nano-
seconds. Data from the remaining AVHRR channels will be successively transferred into the out-
put register as follows:

Channel 7 transfer time is 10T rf: 300 nanosecondsafter sample time.data is held for 5T t 300
nanoseconds. C!lannel4  transfer time is 15T t 300 nanoseconds, data is held for 5T ?r 300 nanoseconds.
Channel 3 transfer time is ‘30T  + 300 nanoseconds. data is held for 5T * 300 nanoseconds. Channel
5 transfer time is 25T f 300 nanoseconds. data is held for 5T minimum. 10T  maximum _+ 300
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Table 18.1-2  AVHRR Channel Content

Deep Space (Clamp)

Ramp Calibration Signal(‘)

Earth Scene (Visible)

Earth Scene (IR)

IR Target Temperature(*)

Cooler Patch Temp.

Backscan Target IR Data

Chan. 1
_.

X

X

X

Chan. 2 Ghan. 3 Chan. 4

Notes:
lThe ramp calibration signal will consist of the output of a D/A generator which lr:_l: 1~. la...; ble!‘
per revolution of the radiometer scanning system. A ramp shall be generated evei? !L),:c; 1’1 n;j~ f
the radiometer. The ramp voltage shall vary from -0.025 to +6.475  volts in 1023 steps of ~.c)063 -

volt, and shall have a precision of 10 bits.*
2The temperature of the backscan calibration target shall be measured using four platifyum  -esis-
tance temperature detectors.

The signal from each of the platinum resistance temperature detectors in the radion,ettlr  housin::
calibration target shall be inserted into the composite analog video signal in each Cham.  ’ :-e  sie ‘11

per scan line, following the start of the space scan as shown inTable 18.1-4. The sirn:~: ‘01 I ti c

first temperature detector shall be inserted in the fist scan line; the signal from the ,:cc’. tz: :!.
ature detector shall be inserted in the second scan line, etc., until all of the tempex’::iu :’ _ icIJ 2

have been interrogated.

For TIROS-(H, I, & J), the scan line immediately following the line ~l-n~.:~ I ,I~, a., ‘,
signal from the last temperature detector shall be blank (clamped to 0 volts whit:: 1: I;! .I:” 2; :
different from the temperature signal) in the region allocated for the tempera:?. , ,i

signal. The interrogation sequence shall be repeated starting with the next scan iii!‘,

*The digitizer has a range from 0 to 4.39375 volts in 1023 steps of 0.00625 volts. As a result, the
nominal ramp cal output will skip a step approx. once every 62 steps and the low .r!?-,? ,d rYr

the ramp (beginning of ramp for channels 1 & 2, and end of ramp for channels 3, .a. C.‘: :i !I- (2

approximately 5 “0” values, while the high voltage end of the ramp will have approxii..;.Lcly 14
“ 1023” values.
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nanoseconds. Transfer of data from the AVHRR output register to the spacecraft processor will
occur OST to 4.5T after the start of each channel output time interval.

(5) Sample Rate
The number of samples taken by the MIRP as a function of scan time is shown
inTable 18.1-3.

Table 18.1-3  MIRP Data Sample Intervals

AVHRR Output
Information

Detector: Space View
Electronic Ramp Cal.
Detector: Earth View
TLM: IR Target Temp.
TLM: Patch Temp.
None
Detector: IR Backscan
None

Begin Sample Period

Time Clock
(Millisec) Counts

+  2 . 5 2 9
+  3 . 7 5 6
+  8 . 6 1 4
+ 65.780
+ 66.006

+118.064

2,525
3,750
8,600

65,675
65,900
-

117,875

End Sample Period

zqz%

+ 2.779 2,775
+ 3.781 3,775
+ 59.895 59,800
+ 65.805 65,700
+ 66.031 65,925
- -

+l 18.3 14 118,125
- -

1
1
0

10
0

Notes:
1. To is the leading edge of the AVHRR line sync. ’
2. T = 1.00160256 ps = one 0.9984 MHz clock period = one count .
3. All “Times” and “Counts” are in appropriate units after To .
4. AVHRR Scan Period = l/6 second = 166.67 ms .
5. Nominal Nadir = To + 34.255 msec or To + 34,200 counts _
6. Sample Pulse Spacing = 25T during sample periods (39,936 pps) .

(6) Pulse Level

a) A Data “1” is a +2.40 to +5.25 Volt Level
b) A Data “0” is a 0.0 to +0.4 Volt Level

(7) Data word rate to MIRP: 199,680 words per second.

(8) Bit Position

a) The MSB of Radiometric Data is located on Data Line 1 for each channel.
b) The LSB of Radiometric Data is located on Data Line 10 for each channel.
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(9) Radiometric Range

Scene Ch. 1 & 2

VIS; 100% Albedo (White) +6.1V

Ch. 3 & 4

IR: Space (Cold) I I +6.2V

VIS: Black

IR: 320’K (Hot)

+0.25v

+0.3v

18.1.2.7.1.3 Calibration Data

(1) Line by Line Calibration
The AVHRR Calibration data consists of the following parameters which are inserted in each

scan line:

Parameter
Channel
Location Timing

a) Space Sample Table 18.1-2 Tables 18.1-3.&c 18.1-4
b) Electronic Calibration Ramp ,, ,,
c) IR Target Temp. TLM ,, ,,
d) Patch Temp. TLM ,, ,,
e) IR Target Sample ,, ,,

See Table 18.1-5 for the nominal voltage calibration.

(2) Simulated Calibration Signal
The simulated calibration signal shall be substituted for the actual detector output upon

command. The following data will appear in all channels.

Parameter Timing

a) Space Sample
b) Ramp Calibration Signal
c) Simulated Earth Scan*
d) Simulated Cal. Targets

Tables 18.1-3 & 18.1-4
9,
,,
,,

-

*The simulated Earth scan provides three voltage levels in a cyclic pattern on successive
scan lines for each channel. This provides an effective 3 point voltage calibration check.
See Table 18.1-5  for the nominal Earth Scan levels.
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Table 18.1-4 Scan/Calibration Timing (Nominal Orbit)

a) Scan Timing

Scan Timing Units*

0 TO 0.1
0.5 TO 1.5

1.8
1.9 TO 3.5
3.5 TO 4.0

4.13
4.8
5 3
5.8

34.2
42.6
63.1
63.6

65.6 TO 65.8
-* 65.8 TO 66.0

117.1
117.6 TO 118.4

119.0
165.0 TO 166.4

Line Sync
MIRP pm-cursor time
Space view start
Space sample
Ramp cal
Space end - worst case early S/C attitude and orbii
Space end - worst case early - S/C attitude
Space end - nominal
Space end - worst case late - S/C attitude
Nadir nominal
Space start - worst case early - S/C att;,ude
Space start - nominal
Space start - worst case late
IR target temp
Patch temp
IR cal target - full view start
IR cal target sample
IR target - full view end
MIRP pre-cursor time

b) Simulated Voltage Calibration Signals

4.0 TO 65.6 Simulated earth scene
117.6 TO 118.4 Simulated cal target

c) Auxiliary Scan Timing

1.8 TO 1.9 1st samplespace
3.4 TO 3.5 2nd samplespace

51.2 TO 76.8 Back edge blankingspace
160.0 TO 12.9 Space window

*Scan Timing Unit = STU = 1 .OO 1602564 milliseconds = 1,000 counts
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Table 18.1-5 AVI-IRR  Voltage Calibration Levels
(All levels are nominal values)

1. Calibration Ramp

Scan Line # 1 = -0.02 volts
128 = +0.79
256 = +1.60
384 = +2.41
512 = +3.23
640 = +4.04
768 = +4.86
896 = +5.67

1024 = +6.48

2. Simulated Earth Scene

Channels 1 & 2 Channels 3,4 & 5

Level 1 +1.92 volts +4.52 volts

Level 2 +3.50 volts +2.95 volts

Level 3 +5.18 volts + 1.28 volts

3. Simulated Backscan  Calibration Target

Channels 1,2 +6.0 1 volts

Channels 3,4 & 5 +0.44  volts

18.1.2.7.2  Digital “B” Telemetry

18.1.2.7.2.1 General - The Digital “B” one-bit status telemetry are available at the instrument
interface at all times. The 3.2 second subcom generated by the TIP will sample each Digital “B”
Telemetry Point once every 3.2 seconds. The characteristics of the Digital “B” telemetry interface
are detailed in Sections 3 .1.6,3  .1.8.2,  and 3.1.8.3 of the General Instrument Interface Specification.

18.1.2.7.2.2  Digital “B” Telemetry Points - The Digital “B” Telemetry Points provided by the
AVHRR are listed in Table 18.1-6.

Each of the 14 Digital “B” telemetry points listed in Table 18.1-6 indicates the status of one
of the 14 pairs of commands listed in Table 18-l-7.
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Table 18.1-6 AVHRR Digital “B” Telemetry

-

L

Notes:

T State*

No. Telemetry Point Name Logic “1” Logic “0”

1 Scan Motor/Telemetry Status
2 Electronics/Telemetry Status
3 Channel I Status
4 Channel 2 Status
5 Channel 3 Status (11~)
6 Channel 4 Status (3.7~)
7 Voltage Calibrate S talus
8 Patch Control Mode Status
9 Cooler Heat Status

10 Scan Motor Mode Status

11

12

13

14

Housekeeping Telemetry
Lock Status

Earth Shield Status

Patch Control Status

Channel 5 Status

On Off
On Off

On Off
On Off
On Off
On Off

On Off
108 “K 105°K

On Off
High Low

Power Power

Locked Not
On Locked On

Deploy Disable

On Off

On Off

F Minor
Frame

20
20

21

21
21
21

20

20

20

20

21

20

20
21

TII
I

. . . . . .,

i i

244 I

212  i

53

85
117

149 !

i
21 I

I
20 1

52 !
181

I

*Logic “ 1” is a “True” or “Low Voltage” state.

18.1.2.7.3 Analog Telemetry

18.1.2.7.3.1 General - The Analog Telemetry shall be available at the instrument interlai,,,  :;I ~1

times.* Three different subcoms (32, 16, l-second) generated by the TIP will be used to sample

spacecraft analog telemetry. TIP Minor frame words 9, 10, and 11 are dedicated to thprc .:! r. 71,;

respectiveiy. The characteristics of the analog telemetry interface are detailed in Sections 3 i .6,

3.1.8.2, and 3.1.8.3 of the General Instrument Interface Specification.

-- *Analog telemetry is available when one of more of the following conditions is satisfied. ( i) Scan
Motor/Telemetry is On, (2) Electronics/Telemetry is On, or (3) Telemetry is Locked 07;.
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Table 18.1-7 Spacecraft/AVHRR Command Interfaces

No. I Command Name 2

1 Scan Motor/Telemetry On
2 Scan Motor/Telemetry Off
3 Electronics/Telemetry On
4 Electronics/Telemetry Off
5 Channel 1 Enable
6 Channel I Disable
7 Channel 2 Enable
8 Channel 2 Disable
9 Channel 3 Enable

10 Channel 3 Disable 1 1 l/J

11 Channel 4 Enable
12 Channel 4 Disable 1

3.7/J

13 Cooler Heat On
14 Cooler Heat Off
15 Telemetry Locked On
16 Telemetry Not Locked On
17 Earth Shield Deploy
18 Earth Shield Disable
19 Patch Control On
20 Patch Control Off
21 Channel 5 Enable
22 Channel 5 Disable
23 Voltage Calibrate On
24 Voltage Calibrate Off
25 Patch Control High Mode
26 Patch Control Low Mode
27 Scan Motor High Mode
28 Scan Motor Low Mode

Mne-
monic

ASMTN 20E/ 1
ASMTF 20E/2
AELTN 20E/3
AELTF 20E/4
ACHlE 20E/5
ACHlD 20E/6
ACH2E 298/l
ACH2D 29812
ACH3E 20E/9
ACH3D 20E/  10
ACH4E  - 29815
/ACH4D 29816
ACHON 29813
ACHOF 29814
ATLON 29819
ATNLO 298110
AESDP 298/ 11
AESDI 298112
APCON 20E/l3
APCOF 20E/14
ACHSE 20E/l5
ACHSD 20E/  16
AVCON 20E/7
AVCOF 20E/8
APCHM 20E/ 11
APCLM 20E/l2
ASMHM 29_8/7
ASMLM 29818

CIU
Buffer

Bit

Reset
Logic
State1

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

Notes:

’ State  assumed when CIU is reset at power turn-on. T = True = 0 Volts; F = False = + 1 OV
*All commands are “pulse discretes.”
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-- - *< 1 i ?18.1.2.7.3.2 Analog Telemetry Points - The analog-telemetry* points provided by the AL’*! txl*
are listed in Table 18.1-8**. Electrical characteristics of the analog telemetry electrical inter’izce
are shown in Figure 15 through 18. A detailed description of each telemetry point is as follow.,.

1. Patch Temperature. This telemetry point measures the output from platinum
temperature sensor located on the radiant cooler patch which contains the IR detector.
The amplifier gain/offset is adjusted for the patch temperature range.

2. Patch Temperature Extended. This telemetry point measures the output from
the platinum temperature sensor located on the radiant cooler patch which contains
the IR detectors. The amplifier gain/offset is adjusted for the extended temperature
range of the patch.

3. Patch Power. This telemetry point measures the DC voltage being applied
to the control heater on the radiant cooler patch which contains the IR detector.

4. Radiator Temperature. This telemetry point measures the output from the
platinum temperature sensor located on the first stage (warmer stage) of the radiant
cooler.

5-8. Black Body No. 1,2,3,4.  These telemetry points measure the outputs of
platinum temperature sensors No.‘s 1 through 4, respectively, located on the black
body calibration target.

9. Electronics Current. This telemetry point measures the DC current load on
the +28 volt bus (pins 1 and 2 on J3). This is directly proportional to the DC current
into the power converters for the remaining electronics not including the motor
power supply.

10. Motor Current. This telemetry point measures the DC current load on the
+28 volt (motor) bus (pins 3 and 4 on 53). This is directly proportional to the DC
current into the scan motor power supply.

11. Earth Shield Position. This telemetry point indicates the status of the radi<
cooler earth shield.

12. Electronics Temperature. This telemetry point measures the output of the
thermistor located inside the electronics box.

*Analog telemetry is available when one or more of the following conditions is satisfied: (1) Scan
Motor/Telemetry is On, (2) Electronics/Telemetry is On, or (3) Telemetry is Locked On.
**Algorithms for converting telemetry volts to engineering units are given for each model of ’ ‘,:
AVHRR in the “Alignment and Calibration Data Book” for that model. Those algorithms ‘- x
similar, but not identical, among the several models.
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13. Cooler Housing Temperature. This telemetry point measures the-output from
a thermistor located on the radiant cooler housing.

14. Baseplate Temperature. This telemetry point measures the output of the
thermistor located on the baseplate as shown on the Thermal Interface Drawing.

15. Motor Housing Temperature. This telemetry point measures the output from a
thermistor located on the scan motor housing.

16. A/D Converter Temperature. This telemetry point measures the output of a
thermistor located inside the A/D converter at the point of maximum sensitivity to
heat.

17. Detector Bias Voltage Channel 3. This telemetry point measures a voltage
directly proportional to the regulated -12 volt DC which supplies the Channel 3
IR detector bias current.

18. Black Body Temperature, IR Channel 3 (11~). This telemetry point measures
the output of a sample-and-hold circuit which samples the IR Channel 3 analog data
signal once each scan line when viewing the black body calibration target.

19. Black Body Temperature, IR Channel 4 (3.7~). This telemetry point measures
the output of a sample-and-hold circuit which samples the IR Channel 4 analog data
signal once each scan line when viewing the black body calibration target.

20. Reference Voltage. This telemetry point measures a DC voltage proportional
to the +6.4 volt reference voltage source in the electronics.

2 1. (Not used on AVHRR/I) - Detector Bias Voltage Channel 5. This telemetry
point measures a voltage directly proportional to the regulated -12 volts DC which
supplies the Channel 5 IR detector bias current.

22. (Not used on AVHRR/I) - Black Body Temperature, IR Channel 5. This
telemetry point measures the output of a sample-and-hold circuit which samples the
IR Channel 5 analog data signal once each scan line when viewing the black body cali-
bration target.

18.1.2.8 Instrument Interfaces

i-

The instrument interfaces consist of power, command, telemetry data systems. The data is
controlled and directed through the MIRP. All electrical connections to the AVHRR/2  are made
through the connectors listed in Table 18.1-g. A test connector is provided for use in the subsystem
and system test at the instrument level. This connector (J7) is capped and not used in spacecraft
testing or operation. The requirements of the General Instrument Interface Specification (GIIS)
IS-2280259 are followed in the connection, operation and control of interfaces to the spacecraft.
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Table 18.1-9 Interface Connectors

No. Function

JI
J2

J3
54

J5

56

J7

533

Command

Digital TM
Power

Analog TM

Clock

Data Processor
Test

Pulse Load Heater
L

I I -----I

3 1 lPW5-4P-c-12
31 lP405-3S-C-12

3 1 lP405-3P-c-12
3 1 lp405-4S-c-12

3 1 lP405-IP-C-12

Pfl#‘405-2P-C-,12

3 1 lP405-5S-C-12

31 lP405-IS-C-12

37 Pin Male

25 Pin Female
25 Pin Male

37 Pin Fern&

9 Pin Male

15 Pin Male

5;r;3  Pin Female

9 Pin Fen:&.
i

18.1.2.8.1 Power Input

- 18.1.2.8.1.1 General - The +28V DC input from the spacecraft is regulated to o’btai,i  isnlat  , i
from spacecraft voltage variations, converted to develop a system ground, and re-rrgi:I  : :’ L
obtain noise rejection and precision.

18.1.2.8.1.2 Electronics Switching Regulator - Two input switching regulators are provic1;~  using
Harris HA2620 amplifiers as comparators: The circuits are self starting and driven by a?‘:  ’ TC‘ i
signal for synchronization with the spacecraft clock. A +34V boost voltage derived from ti F.
Converter provides the drive voltage for the pass transistor to provide good saturation fi,i ni, ‘-11 r
dissipation.

18.1.2.8-l .3 Power Converter - Two DC/DC Csrr\/erters  are provided, one pwered Irom L t!:

Switching Regulator. These circuits establish signal grounri for the AVHRK and provide the proper

voltage inputs to the electronics regulators. They are driven converters being synchronri,ed h.. 1
the same 62.4 KHz clock signal as the switching regulators.

18.1.2.8.1.4 +SV Regulators - A switching regulator is used to provide +5 volts for 1~:. . I irL !t:
The output of the switching regulator directly feeds the logic circuits required for mot. I f,-eq;  “1~
countdown and the input clock circuits. The major portion of the logics is powered through id
switching transistor from the regulator output. This transistor is turned on with the E!p-“-c*,  ’ ‘“?’
command.

18.1.2.8.1.5 + 15V Regulators - The 15 volt regulators are linear circuits utilizing the HF ris
HA2620 I.C. as the voltage comparator. The +15 volt regulator uses a +20 volt “boost” xv-r71 3~.

- - from the power converter to enable a low input/output differential and minimize the ;:: .).. , IS<:.  ,-
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power loss. The circuit will regulate under full load with an input/output differential equal to the
collector/emitter saturation voltage of the pass transistor which is typically 0.2 volt.

-

18.1.2.8.1 A Power Profile - Table 18.1-  1 Cl depicts the power usage under the mode of operation
indicated.

Table 18.1-10 Power Profile

Function Power

Analog Telemetry &
LOgiCS

A-D & Electronics

Scan Motor High

Scan Motor Low

Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

Cooler Heater

Cooler Cover Deploy

Standby Heater

3.22W X X

12.94W X

4.84W X
3.98W

0.67W X

0.89W X
1.4 w X

0.95w X
1.8 W X

21.2 w

56.9 w*

22.8W**

26.71W 3.22W
.

18.1.2.8.2 Commands

Normal
Operation

Telemetry
Only

* Required only once for a period of approximately 1 sec.
**Supplied from TCE - not from +28V buss.

Motor
On

X

X

X

78..2006  Or

Cooler
Heater

X

X

!4.75W

Instrument
Off

X

22.8W**

The spacecraft will provide the command inputs listed below to the AVHRR. The general
characteristics of these commands are detailed in Section 3.1.4.2 of the General Instrument Inter-
face Specification.
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.- For “Level” commands, the “On”, “True”,-or “Low” level is indicated by a logic ‘“1” or a
zero volt level. The “Off’, “False”, or “High” level is indicated by a Logic “0” or +10 volt level foi
CMOS logic.

The AVHRR commands can be further classified as Power or ModeCommands.  The function
of each command is detailed in the following paragraphs.

18.1.2.8.2.1 Power Commands [S/C MNEMONIC]

[ASMTN] (1) Scan Motor/Telemetry ON

This command shall turn ON the scan motor,scan drive electronics,
and the fist of 3 parallel power switches for housekeeping telemetry
specifically, this command applies power to

[ASMTF] (2) Scan Motor/Telemetry OFF

This command shall turn OFF the scan motor, scan :.:ri;jc,  ;!:,,i. :<:) I .I.;
and the first of 3 parallel power switches for housekeeping telerr!rt!y,

[ AELTN] (3) Electronics/Telemetry ON

a) Electronics S W. regulator
b) Motor S W. regulator
c) Power converter
d) f 15V regulators
e) +5V motor logic reg.
f) Clock receiver
g) Motor logic
h) Analog telemetry circGt!s
i) Patch temp. control

This command shall turn ON the radiometer electrc5x:. ,:eTt the
scan drive electronics) for all channels in the ENABlE r9i<’ ‘A( 5 t

second of 3 parallel power switches for housekeeping telemetry.
Specifically, this command applies power to:

a) Electronics S W. regulator
b) Power converter
c) f 15V regulators
d) +5V motor logic regulator
e) +5V electronics regulator
f) Analog telemetry circuits
g) A/D converter
h) Scan timing logic
i) Clock receiver
j) Motor logic
k) Patch temp. control
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[ AELTFI

[ACHlE]

[ACHID]

[ACH2El

[ACH2Dl

[ACH3El

tACH3D 1

(4)

(5)

Electronics/Telemetry OFF

This command shall turn OFF the radiometer electronics and
the second of 3 parallel power switches for housekeeping telemetry.

Channel 1 Enable

(6)

If “Electronics On” has been executed - Applies Power to:

a) Ch 1 Preamplifier
b) Ch 1 Postamplifier

Channel 1 Disable

(7)

(8)

(9)

(10

Removes power from:

a) Channel 1 Preamplifier
b) Channel 1 Postamplifier

Channel 2 Enable

If “Electronics On” has been executed -
Applies Power to:

a) Ch 2 Preamplifier
b) Ch 2 Postamplitier

Channel 2 Disable

Removes power from:

a) Channel 2 Preamplifier
b) Channel 2 Postamplifier

Channel 3 Enable (11~)

If “Electronics On” has been executed - Applies Power to:

a) Ch 3 Preamplifier
b) Ch 3 Postamplifier

) Channel 3 Disable (11~)

Removes power from:

a) Channel 3 Preamplifier
b) Channel 3 Postamplifier
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[ACH4E] (11) Channel 4 Enable (3.7~)

If “Electronics On” has been executed -
Applies power to:

a) Ch 4 Preamplifier
b) Ch 4 Postamplifier

[ACH4D] ( 12) Channel 4 Disable (3.7~)

Removes power from:

a) Channel 4 Preamplifier
b) Channel 4 Postamplifier

[ACHON] (13) Cooler Heat On

If “Elec’ronics On”, “Motor On” or “Telemetry On”
has been executed - Applies power to:

a) Radiator Decontamination Heater
b) Patch Decontamination Heater

[ACHOF J ( 14) Cooler Heat Off

Removes power from :

a) Radiator Decontamination Heater
b) Patch Decontamination Heater

[ATLON I ( 15) Telemetry Locked On

This command shall turn on the third of 3 parallel power switches
for Housekeeping Telemetry, thereby locking the telemetry on
independent of Commands 1 through 4. Specifically, this commancl
applies power to:

a) Electronics sw. regulator
b) Power converter
c> f 15V regulators
4 +5V Motor Logic Regulator
e) Clock Receiver
f-l Motor Logic
g) Analog Telemetry Circuits
h) Patch control circuitry

[ATNLO] (16) Telemetry Not Locked On

, This command shall turn off the third of 3 parallel power switches
for Housekeeping Telemetry thereby returning the telemetry to the
control of Commands 1 through 4.
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[AEsDPI

[AESDII

[APCONI

[ APCOF]

[ACHSE]

[ACHSD]

(17) Earth Shield Deploy

Applies power to:

a) Earth Shield Circuitry

(18) Earth Shield Disable

Removes power from :

a) Earth Shield Circuitry

(19) Patch Control On

If “Telemetry On” has been extrllted -
Applies controlled heat to

a) Patch

(20) Patch Control Off

Removes heat from patch

(21) *Channel 5 Enable

If “Electronics On” has been executed -
Applies power to:

a) Ch 5 Preamplifier
b) Ch 5 Postamplifier

(22) *Channel 5 Disable

Removes power from :

a) Channel 5 Preamplifier
b). Channel 5 Postamplifier

18.1.2.8.2.1.2 Mode Commands

[AVCONI (23) Voltage Calibrate On

If “Electronics On” and “Motor On” have been executed -

a) Deactivates IR & Daylight detectors.
b) Provides simulated earth scene and backscan  video for all enabled

channels.

*Not used on AVHRR/l
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[ AVCQFI (24) Voltage Calibrate Off i

If “Electronics On” and “Motor On” have been executed -

a) Activates IR & Daylight detectors.
b) Deactivates simulated earth scene & backscan  video,

[APCHMI (25) Patch Control High Mode

If “Telemetry On” has been executed -

a) Sets patch temp. control point to 108 “K for AVHRR/Z.

[APCLM] (26) Patch Control Low Mode

If ‘Telemetry On” has been executed -

a) Sets patch temp. control point to 105’K.

[ASMHM] (27) Scan Motor High Mode

If “Motor On” has been executed -

a) Sets motor sw. regulator voltage to HIGH LEVEL,

[ASMLM] (28) Scan Motor Low Mode

If “Motor On” has been executed -

a) Sets motor sw. regulator voltage to LOW LhVkL

18.1.2.8.3 MIRP Processing of AVHRR Data
This section is provided as an overview of the AVHRR/2  data processing ti& ii& .~

place in the Spacecraft Manipulated Information Rate Processor (MIRP).  The ,,>t 1 i.‘s ~m.i.
data sample pulse to the AVHRIU2  digital output timing logic which results in the st~tae’~i..lO
transfer of a data word for each radiometric channel. The MIRP processes these ++? in”-- -Srt
following four outputs.

18.1.2.8.3.1 Automatic Picture Transmission (APT) - Any two of the five AV ‘2%‘; K;,
channels can be command-selected for processing. This data undergoes the follotiir:g

(a) Resolution reduction by utilizing only one out of every three scans and averaging ‘Ire
data within the line over an area equivalent to approximately four Field-of-View’s
(FOV’s) at nadir.

(b) Geometric correction by the averaging algorithm which effectively translates :he data n
time so that each sample represents approximately 2 nmi of sweep on the Earth’: TurfAce.
This translation reduces the perspective effect due to the Earth’s cm-vat1 ze ?ni .iic*  c,d::l.-
lite altitude.
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(c) Digital to Analog - The&@&&~x  Q.XZX&~  ,?@?I  data. ar.ercomed to a 2080-Hz  band-
width analog signal, arn~~e~ rnw -6s a Z&&l% ~.,a&&, and bandwidth limited
to 4 160 Hz in preparatinn  ?I&+BBz~  l’& fiti%%%” tiznsm&@ers.

18.1.2.8.3.2 Global Area Covera~~~~~~--~~~~~e.~~~an.~ut  by combining pro-
cessed AVHRR data with theTIP&z&  I&e(Z+Xti~te&ia;E~~r set; that is, it is one
third of the AVHRR scan rate. The*&&C~ iaT%h.z~Yf%lBK  &&a  makes the frame rates
directly compatible by only using~~aI~~~,~,~~~~.sc~ The MIRP further re-
duces the data by producing only @BZ~- tie% &ve i+&! szzmples.  The TIP word and
frame rate is directly compatible ~&%~&Y&lZ~~ a~& he,:%JlXP minor frames are in-
serted (at 0.1 set per frame) into &et?&%KJti&~ a “&Kz~Jz&&  bits are added to the 8-
bit TIP word to form the lo-bit -4, Y&%K’~tiiis~x$&xl only to the spacecraft
DTR Input Selector Unit of the XSU,& &;A> &z&~~,~ ax&&&e g&r tie transmission from
the tape recorders.

18.1.2.8.3.3 High Resolution Piti~~‘Xrxmm&i%nl~~j -. @#I!!  m&.es the HRPT and the
LAC outputs by combining unprcxxz&_&7?XRXtioxriti~&~.,  T&e basic frame rate and data
rate of the HRPT is compatible w%!&r!&_&~ X+B&%JZFJ~  on& B&%&&g  is required to con-
struct the HRPT frame from the %~.&&a.  w,*et*TBFTtie  rate is only one third
that required to fill the HRPT franxz;,ti”IFd’&znxti&  ~&ZBJZZ&&  t!max ties. This is accom-
plished by repeating the five TIP ~&amz~@.~~~~$  L exxl%  a.# three HRPT frames. As
in GAC, two parity bits are add& ti @he  zB;oiti  ?I1;R ti ?&z+  f&x t&z %&bit MIRP word. The
HRPT output is supplied to the S-B&~&ZXBX&&~~$~O.~ &r r=&-%ime transmission.

18.1.2.8.3.4 Local Area C’overagE$LK,~ --BJ%K:I&,%xJ~~~x~~&~  HRPT;  thus, the LAC
output is supplied only to the spa.xzm&t~X~@&c~n;  ~?~zIxzo,x%F...

18.1.3 ACTIVATION SEQUIX&X

18.1.3.1 AVHRR, 30°C RadiarrtK&%z

The activation sequence fee rfic K$%BXI&~2 @$?I%  XB, §i@# ZGBi,  %‘N 206) instruments with
a 30 “C radiant cooler decontti&$& F&x&r  iis. aim -

Commands Prior to Lax&h-  -. X!&&Fdti: % (!.&%KTN),  Scan Motor High
Mode (ASMHM), and Taw licx!&d  @ZJ  &KKX~j..

Gilmore 1 Commands-- B-n&zzxz@  0~ [J%XXIY~J, meat Telemetry Locked
On (ATLON), and CoderB!!0x~~~.

Gilmore  3 Commands- +Z&XB&J  5 %&&&%Xi%E$  amd.C~l2  Enable (ACH2E).

Wallops 202 or 216 C~mmrrz~&~---~~~~  WZ&Y~~  7;s:~oI;z:  ‘bus current, analog telem-
etry channel 296, into C %;fz&  &&l xrxx&@m  $0 Ezr& mid Deploy (AESDP), wait
until the telemetry cofc%xr~  &.&:  ti d&z iix v acid _& !Zaztih  Shield Disable (AESDI),
Cooler Heat Off (ACIKX!F).,  I&&x%  ~~ZJX&IXJ  .Ixv .M& 4,&5’KXBl),  Patch Control On
(APCON), and command BJXI~B&  Z3 xx& &x cmrrezrt ! se.cund dwell mode off.



(e) Wallops 217 or 230 Commands - Channel 3 Enable (ACH3E), Channel 4 E n a b l e
(ACH4E),  and Channel 5 Enable (ACHSE).

18.1.4 CONSTRAINTS

18.1.4.1 General

The various modes of operation have specific requirements (constraints) that must be met>
either prior to initiation of a mode or after it has been established. Constraints imposed for the
various operating modes are listed in the following paragraphs.

18.1.4.2 Prelaunch Mode

(a) The cooler door must be verified latched.

(b) Cooler and scan cavity dust covers must remain in place for testing.

(c) AI1 command relays must be verified in prelaunch (off) configuration prior to putting
the AVHRR/2  into launch configuration.

(d) Baseplate temperature limits, during all modes, is 10 to 30°C.

-
(e) The decontamination heater system for the radiant cooler is a thermostatically “La .i

trolled system, originally designed to limit radiant cooler temperature to a maxin~~,p.~n
of 30°C. This is consistent with the requirement that the HgCdTe detectors be kept
below 30 “C.

Special precautions must therefore be taken when operating the cooler heater in
testing these instruments to avoid detector temperatures in excess of 30°C because of
a possible detector performance degradation or failure.

18.1.4.3 Launch Mode

(a) Verify that dust covers are removed prior to launch.

(b) For launch the scan motor must be operating in the High Mode.

(c) See activation sequence 18.1.3.

18.1.4.4 Orbit Mode Constraints

The cooler door opening mechanism has a time-out device which automatically disables z;,
solenoid after the door has opened. For safety, however, the cover release DISABLE command
should be transmitted after positive indication has been received that the door is open.
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18.2 HIGH RESOLUTION INFRARED RADIATION SOUNDER (HIRS/2)

18.2.1 GENERAL

The High Resolution Infrared Radiation Sounder (HIRS/21) is a discrete stepping, line-
scan instrument designed to measure scene radiance in 20 spectral bands to permit the calcula.
tion of the vertical temperature profile from Earth’s surface to about 40 km.

Multispectral data from one visible channel (0.69 micron), seven shortwave channels (3.7 to
4.6 micron) and twelve longwave  channels (6.7 to 15 micron) are obtained from a single telescope
and a rotating filter wheel containing twenty individual filters. A mirror provides cross-track scan-
ning of 56 increments of 1.8’. The mirror steps rapidly, then holds at each position while the filter
segments are sampled. This action takes place each 0.1 seconds. The instantaneous field of view for
each channel is approximately 1.2” which, from an altitude of 833 kilometers, is an area
17.45 kilometer diameter at nadir on the earth.

Three detectors are used to sense the radiation. A silicon cell detects the energy through
the visible filter. An Indium Antimonide detector and a Mercury Cadmium Telluride detector
mounted on a passive radiator and operating at 105K sense the shortwave and longwave  in-
frared energy. The silicon cell works at ambient temperature. The shortwave and visible detec-
tors share a common field stop, while the longwave  uses a separate but identical field stop.
Registration of the fields in all channels are determined by these field stops with a secondary
effect from detector position.

Calibration of the HIRS/21 infrared channels is provided by programmed views of three
radiometric targets, a warm target mounted to the instrument base, a cold target isolated from
the instrument and operating at near 265K, and a view of space. Data from these views pro-
vide sensitivity calibrations for each channel at 256 second intervals if so desired. Internal elec-
tronic signals provide calibration of the amplifier chains at 6.4 second intervals.

Data from the instrument is multiplexed into a single data stream controlled by the TIP system
of the spacecraft. Information from the radiometric channels and voltage telemetry are converted
to 13-bit binary data. Radiometric information is processed to produce the maximum dynamic
range such that instrument and digitizing noises are a small portion of the signal output. Each chart
nel is characterized by a noise equivalent radiance (NEAN) and a set of calibration data that may be
used to infer atmospheric temperatures and probable errors.

The HIRW21  instrument is a single package mounted on the Instrument Mounting Plat-
form (IMP) of the TIROS-N series of spacecraft. A thermal blanket encloses most outer sur-
faces other than that of the radiating panel and door area. The radiating surface views space,
emitting its heat to provide passive cooling of the detectors to the 105K temperature. An earth
shield prevents thermal input from that direction, and is part of a door assembly that is closed
during launch and for an initial outgas period. The door is opened at the end of that period,
providing cooling. If indications of contamination occur the door remains open and heat is ap-
plied to bring both stages of the radiative cooler to near 300K.
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Table 18.2-l lists the general characteristics of the HIRW21  Instrument. Table 18.2-2 lists
the spectral channels and sensitivity requirement for the HIRW21.  Figure 18.2-1 provides the
scanning pattern of the scan mirror and the positions of the calibration targets relative to
earth-scan.

Table 18.2-1 HIRS/2 System Characteristics

Optical Field of View 1.22” all channels

Including Energy 97% within 1.80”

Channel to Channel Registration 1% of total FOV

Earth Scan Angle 99.0”

Earth Scan Steps 5 6

Step and Dwell Time 100 ms total

Total Scan plus Retrace Time 6.4 s

Earth Swath Coverage 1127km

Earth Field Coverage 17.5 km (1.22 FOV)

Radiometric Calibration 290K Black Body,
265K Black Body, and
Space Look

Frequency of Rad. Cal_ 256 s, typical

Dwell Time at Cal Positions 5.6 s (4.85 at space)

Longwave  Channels 12\
Longwave  Detector Mercury Cadmium Telluride

Shortwave Channels 7

Shortwave Detector Indium Antimonide

Visible Channel 1

Visiile Detector Silicon

Signal Quantizing Levels 8192 (13-hit  coding)
24096  12-hit + sign

Electronic Calibration 32 equal levels each polarity

Frequency of Elect_ Cal. One level each scan line (6.4 s)

Telescope Aperture 15.0 cm (5.9 in)

Detector Temperature 105K

Filter Temperature 303K
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Table 18.2-2 HIRW2I SgkctraI  Requirements

Channel

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Channel Half Power

FrequYy pm
Bandwidth NEAN (Spec.) NEAN (Goal)

(cm ) (cm-1)

669 14.95 3 3.00 0.75

680 14.71 10 0.67 0.25

690 14.49 12 0.50 0.25

703 14.22 16 0.3 1 0.20

716 13.97 16 0.21 0.20

733 13.64 16 0.24 0.20

749 13.35 16 0.20 0.20

900 11.11 35 0.10 0.10

1,030 9.71 25 0.15 0.15

797 12.55 16 - 0.20 0.15

1,365 7.33 40 0.20 0.20

1,488 6.72 80 0.19 0.10

2,190 4.57 23 0.006 0.002

2,210 4.52 23 0.003 0.002

2,240 4.46 23 0.004 0.002

2,270 4.40 23 0.002 0.002

2,420 4.13 28 0.002 0.002

2,515 4.00 35 0.002 0.002

2,660 3.76 100 0.00 1 0.00 1

14,500 0.69 1000 0.1% O.lO%A
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182.2 SYSTEM DESCRIPTION

18.2.2.1 Introduction

The HIRS/21 is a 2O-channel  scanning radiometric sounder utilizing a stepping  mirror to
accomplish cross-track scanning, directing the radiant energy from the earth to a ;rngle,  6-inch
diameter telescope assembly every tenth of a second. Collected energy is separaiecl  bgs  a beam
splitter into Iongwave (above 6.5 pm) and shortwave (visible to 4.6 pm),  passed &ough  f?:ld
stops and through a rotating filter wheel to cooled detectors. In the shortwave path a second
beamsplitter separates the visible channel to a silicon detector.

The scan logic and control set the sequence of earth viewing steps to provide a rapid scan mir-
ror step motion to 56 fixed positions for spectral sampling of each respective air column. The filter
wheel rotation is synchronized to this step and hold sequence, with approximately one-third of the
wheel blank to accommodate each step interval and with the falters positioned for sampling only
after the mirror has reached the hold position. Registration of the optical fields for ech channel to
a given column of air is dependent to some degree on spacecraft motion and on the a!~ :nment ,.~f
two field stops, which can be adjusted to less than 1 percent of the field diameter.

Radiant energy is focused on cooled detectors operating at a near optimum temperature of
105K.  A Mercury Cadmium Telluride detector and Indium Antimonide detect.-,.!  3f-e moa,nteZ
on a two-stage radiant cooler. This assembly is large enough to have reserve coc&:d capacity:.

- permitting active thermal control to maintain the detectors at a fixed 105K.  A sy:+am of
heating the patch and first stage is provided for initial outgassing and for deconi;dra3natioiP

later if it should be desired.

Electronic circuits provide the functions of power conversion, command, tel-atctry, and
signal processing. Amplification of the inherently weak signals from the detector:, 15 d,ne L:
low noise amplifiers. Radiant signals are fed through a base reference and memo.-, >rocessof,
multiplexed, and A/D converted by a 13-bit range system. Once converted to a dig, ,! forr,lat.
the data are again multiplexed with HIRW21  “housekeeping” data and providerj a.~ ‘4 ,erial
data stream at the digital A output. Data from HIRS/21 are held in memory u+ .ai’<:? t; !*
TIROS Information Processor (TIP) request signals and clocked out of the Y;WW. i.yJ ;

TIP clock. A simplified diagram of the HIRW21  system is in Figure 18.2-2~

Repetitive inclusion of electronic calibration signals and the periodic com::lU,  i . . - A t
space and two internal blackbodies provide the system with a complete set of data w _ .Oi’ c2 .
bration, and control that should permit reliable operation in orbit.

General characteristics of the HIRS/21 instrument are better understood throilgh stud,; of
Figure 18.2-2 for electrical functions and Figure 18.2-3 which shows the major subassemblies
of the instrument in an exploded view.

The characteristics of the instrument temperature sensors are shown in Tabl ’ ~8.2 wlleie
it may be noted that calibration sources are measured very preciseiy.  Table !8.2-1’  ,c a vpic~:~l
printout of the HIRW21  test equipment during a system test.
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Table 18.2-3  Sensor Temperature Ranges

Subcomm
Approximate

Digital Digital A
Nominal @

Sensor Location Analog “A” (“K) Sensitivity
Operating

(OK) Counts/OK
Temperature

Patch - full range 90 - 320 go-320 53 @ 105K
- expanded range 90 1~50- 141 @ 105K

Radiator 1 5 0 - 3 2 0 150 - 320 60 @ 170K

F/W Motor 260 - 320 260 - 320 71 @ 300K

Scan Motor *260 - 320 260 - 320 78 @ 295K

Baseplate *260 - 320 260 - 320 78 @ 29C)K

Electronics 260 - 320 260 - 320 78 @ 290K

Primary Mirror 260 - 320 78 @ 290K

Secondary Mirror 260 - 320 78 . @ 290K

Scan Mirror 260 - 320 78 @ 290K

F/W Housing -1 273.15K - 333.15K
- 2 273.15K - 333.15K 152 @ 303K
-3 273.1 SK - 333.15K
- 4 273.15K - 333.15K

Internal Warm Target -1 273.15K - 333.15K
-2 273.15K - 333.15K 152 @ 290K
-3 273.15K - 333.15K
-4 273.15K - 333.15K

Internal Cold Target -1 243.15K - 303.15K
-2 243.15K - 303.15K 152 @ 273K
-3 243.15K - 303.15K
- 4 243.15K - 303.15K

*Housekeeping TLM (full time temp. monitoring on switched +28 VDC TLM BUSS).

-

-1
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Table 18.2-4 Typical Digital A Telemetry

+

r
Place Counts

F/W Housing HTR 1329.40
ELECT CAL -2664.60
ANALOG GRD 0.00
PATCH CONT PWR 1295.00
SCAN MOTOR 1746.00
FW MOTOR CNT 1696.00
+15 VDC 3062.00
-15 VDC -3064.00
+7.5 VDC 3038.00
-7.5 VDC -3046.00
+10 VDC 3256.00
+5 VDC 30 17.00
ANALOG GRD 0.00
ANALOG GRD 0.00

Place Counts Volts Temp. (Cl

IWT 1 -2099.00 -2.564 14.40
IWT 2 -2111.00 -2.578 14.40
IWT 3 -2120.20 -2.589 14.35
IWT 4 -2104.00 -2.570 14.43
ICT 1 -503.60 -0.615 -4.77
ICT 2 -354.80 -0.433 -3.88
ICT 3 -364.40 -0.445 -3.95
ICT 4 -436.90 -0.532 -4.37
FW HSG 1 239.00 0.292 29.88
FW HSG 2 3 13.00~ 0.382 30.26
FW HSG 3 195.00 0.238 29.55
FW HSG 4 308.00 0.376 30.28
PATCH EXP - 1500.60 - 1.833 -166.56
RAD COOLER 2627 .OO 3.208 - 102.43
SCAN MIRROR 1898.00 2.318 13.35
PRI TELESCOPE 1914.00 2.338 13.56
SEC TELESCOPE 2044.00 2.496 15.23
HIRS BASE 1985.00 2.428 14.48
HIRS ELECT 2209.00 2.698 17.3 1
HIRS PATCH 3119.00 3.809 -166.53
SCAN MOTOR 2 137.00 2.610 16.44
FILT WH MOTOR 3008 .OO 3.674 28.07

Instrument Temperatures
..-_--.-

1T e m p . ( K )

-

_.

287.64
287.55 1287.50 i

287.58 I
268.3&
269.27
269.20
268.18
303.03
303.4:
302.7w
303.43
1060.59 n
i “C, , 1

286.50
ES& I1
288.38
287.63 1290.%.8 I

L 06.( 2 i
289.5’ i
301.:i.

I_-_ . . -~ ._ . -

Instrument Voltages and Currents

I Value

0.162 AMP
-3.254 VOLT

8.085
0.853
0.207

14.958
- 14.968

7.42 1
-7.440

9.941
4.913

MILLIWATT I

AMP
AMP
VOLT
VOLT
VOLT
VOLT
VOLT
VOLT

J-
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18.2.2.2 Instrument Interfaces

The instrument interfaces consist of power, command, telemetry data systems. The data
are controlled and directed through the Tiios Information Processor (TIP). All electrical con-
nections to the HIRS/ZI  are made through the connectors listed in Table 18.2-5. A test co~ec-

tor is provided for use in subsystem and system test at the instrument level. This connector
(57) is capped and not used in spacecraft king or operation. The requirements of the General
Instnqnent  Interface Specification (GUS)  IS-2280259 are followed in the connection, operation
and control of interfaces to the spacecraft.

18.2.2.2.1 Power Input - The HIRS/21 instrument is powered from the Spacecraft +28 volt
main buss, a + 28 volt pulse load buss; a switched + 28 volt analog telemetry buss and a + 10
volt interface buss. A separate input provides power to the base heater from the spacecraft
Temperature Control Electronics (TCE)  system.

All power systems are brought to the HIRS/21 system on separate leads. The power
source-s remain separate within the instrument, with returns maintained separate for each sup-
ply. A single chassis ground is brought to the output connector on an isolated pin. Signal and
power grounds remain separate. A capacitive connection was made between signal ground and
the chassis at the radiant cooler to reduce noise in the longwave  preamp.

.
The distribution  of power is shown in Figure 18.24. It may be noted that Instrument Power

command is the primary control of power to the system. With this power switched on there is
power only to the telemetry dc-dc converter, providing output from analog telemetry as well as
digital B telemetry even when other instrument functions are not turned On.

Table 18.2-5  HTRS/21  Interface Connector Types

Connector No. Function

Jl Clock

52 Power

J3 Command

J4 Analog TLM

J5 Digital TLM

J6 Data

57 Test

58 HTR

Style

9 Pin Male

25 Pin Male

37 Pin Male

37 Pin Female

25 Pin Female

15 Pin Male

50 Pin Female

9 Pin Female

Type

GSFC 3 1 lP405-1  PX-12

GSFC 3 I lP405-3P-C-12

GSFC 3 1 lP405-4P-c-12

GSFC 3 11 P405AS-C-12

GSFC 3 1 lP405-3S-C-12

GSFC 3 1 lP405-2P-C-12

GSFC 3 I IP405-5S-c-12

GSFC 31 lP405-lS_C-12
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Figure 18.24. HIRS/21 power distribution.
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With Instrument Power ON, any combination of subsystem power may be applied. This per-
mits the operation of the scan motor, filter motor, ftiter housing heater and door deployment-inde-
pendent  of system electronics such that combinations of functions may be selected for launch,
decontamination, standby or other operating conditions.

-’

The power required for system operation is obtained from all the above sources. In normal
operating (mission) mode the average power demand is as shown in Table 18.2-6.

Table 18.2-6 HIRS/2  Power Demand (Mission Mode)

+28V Regulated
+28V Pulse, Scan

, F.W.
+ 1 OV Interface
+28V Command
+28V Telemetry

Base Heater

8.1 watts
8.2
6.4
0.1

0
-03

0
Y

Total Average * 22.8

*Similar for HIRS/21

Peak current demands occur periodically
time the power demand may reach 27.5 watts.

during the scan cycle for short durations. At that

During system outgas an additional 28 watts for HIRS/21 may be required to maintain
the cooler components at their prescribed temperatures. When the cooler door is closed at ini-
tial outgas  this peak load is intermittent, adding only 5 watts to the average load.

18.2.2.2.2 Commands - The commands to the HIRS/ZI  instrument are all pulse commands,
activating relays or directly controlling a circuit element. The commands are listed in Table
18.2-7.

One feature of the HIRS/21 instrument is the automatic reset of many of the commands
when Instrument OFF is received. Commands 1-19 will reset to the OFF condition at that time.
This ensures that when the instrument is turned on again that the system will be in a defined
condition, assuring a low power condition and providing a basis for a consistent turn-on
sequence.

---
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No.

1.

2.

3.

4.

6.

7.

8.

9.

10.

Table  J&2-7 HIRS/TI  Cc-

‘Command
1 S/C MNEMONIC]

Instrument ON
[ H2PONl

Instrument OFF
[H2POF]

Scan Motor ON
[ H2SMNl

Scan Motor OFF
[ H2SMF]

age to maor bearings

C-6 :acan molzlr,  0%

Filter Wheel
Motor ON
[ H2FWNl

Filter Wheel
Motor OFF
[ H2FWFl

Provides~~er  to ihe Filter Wheel drive motor. Permits I

filter X+&Z&  operation near synchronous speed when elec- I
tronics  power is o& i
Commands filter wheel motor off.

Electronics ON
[H2ELN]

Electronics OFF
[H2ELF]

Provides power to all remaining electronic and data
handling systems

Commands electronics power off.

Cooler Heat On Provides power to frost and second stage cooler heaters.
[H2CHN] Used during orbital decontamination.

Cooler Heat OFF
[H2CHF]

Commands cooler heater power off.

Ikstip tion

Thieczonznsznd  r,am.nects  both the +28 electronics bus and
pulse bus to HIRSIZ and energizes the DC/DC converter,
perm&?t;mp  subcomm analog krqezature monitoring in the
atis c~f all other power.

I~XXZIX&S  all +BV bw horn the instrument except
+28V brrs .for cornmanGs  zcr& fu!l time+28V  telemetry bus.
X$ returns all other commaJads  *o OFF or disabled condition
ex.ozrz asn&ed (see 18.2.4.2).

Fktitis powm  to Ike a mtor. When used with elec-
tronics off, _it ;drives srzan  motor in a continuous stepping ’
mode, T”ls .feature is ssed during launch to prevent dam- 1i

i
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Table 18.2-7.  HIRS/ZI Commands (continued)

No. Command
[S/C MNEMONIC1

Description

11. Internal Warm Target When the instrumentis in the calibration enable mode this
(IWT) Position command causes the scan mirror to move to the internal
[j32IWTl warm target after completion of the current scan line and

retrace to step zero. The scan mirror will  remain at the IWT
until this command is disabled by Position Disable (see
18.2.4.2j.

12. Interoal Cold Target
(ICT) Position
[ H2ICTl

When the instrument is in the calibration enable mode this
command causes the scan mirror to move to the internal
cold target after completion of the current scan line and
retrace to step zero. The scan mirror will remain at the ICI
until this command is disabled by Position Disable.

13. Space Position
JH2SPAl

When the instrument is in the calibration enable mode this
command causes the scan mirror to move to space after
completion of the current scan line and retrace to step zero.
The scan mirror will remain at space until this command is
disabled by Position Disable.

14. Nadir Position
[H2NAD]

When the instrument is in the calibration enable mode this
command causes the scan mirror to move to nadir after
completion of the current scan line and retrace to step zero.
The scan mirror will remain at nadir until this command is
disabled by Position Disable.

15. Position Disable
[ H2PDAl

Disables the IW’T, ICT, Space and Nadir position commands
and returns scan mirror to scan step 0. Scan will resume
upon receipt of next line sync (first element) pulse.

16. Calibration Enable
[ H2CLEl

Enables the radiometric calibration control logic. When
sent, the scanner will continue line scanning until the next
major frame sync pulse. It will then execute a normal cali-
bration sequence. Subsequent calibration sequence will be
executed upon receipt of a Calibration Start Pulse (as
described in Section 18.2.2.2.3)  coincident with major
frame sync.

17. Calibration Disable Disable the instrument calibration mode. In this mode the
[H2CLD] instrument will ignore the spacecraft calibration start pulse.
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No.

18.

19.

20.

Table 18.2-7 HIRW21 Commands (continued)

Command
[S/C MNEMONIC 1

Cover Release Enable
[H2CREI

Cover Release Disable
[ H2CRDl

Cooler Cover Deploy
[ H2CCDl

Des&p tion
I

i

-.

Provides power to the earth shield release solenoid drive -i

circuit only after Instrument Power is ON. i
L

’Reset the Cover  Release  Emable  relay-  to t%e OFF position.

Commands opening of cooler door by app@iz4  a two
f

second pulse to the cover release solenoid. Operates only I

if Instrument Power On and Cover Release Enable com-
mands are sent.

The following commands will not be affected by the instrument off command. j

21.

22.

23.

24.

25.

26.

Filter Housing
Heat ON
[ H2FHN]

Filter Housing
Heat OFF
[ H2FHFl

Patch Temp.
Control ON
[ H2PCNl

Patch Temp.
Control OFF
[ H2PCFJ

Filter Motor
Normal Power
[ H2FMNl

Filter Motor
High Power
[ H2FMH]

Provides p-r to filtei housing heaters and automatic
temperature control circuitry.

Commands filter housing heat off.
/

Provides power to patch temperature control heater to I

control patch at approximately 107’K.

Commands patch temp. heater off permitting patch to /

seek equilibrium temperature.
I

Applies preset power level to filter wheel motor for norm:*1 ;
operation.

E

Applies maximum power to filter wheel motor for cold
operation and end of life conditions.

I
i

-

18.2-15



18.2.2.2.3 Timing Signal Inputs - The HIRS/21 system is controlIed by the spacecraft I.248
MHz clock signal, the 32-second major frame signal and a 1 Hz clock signal (minor frame
synch signal). From these inputs we generate the timing necessary to contra1 the:

-

filter wheel rotation
scan mirror drive
data format and storage
power converter frequency
signal collection-and processing

One of the features of the HIRS/21 timing system is that the scan system and filter
wheel systems have independent timing circuitry for their individual use when the instrument
electronics is off. When electronics is turned on both systems are locked to the spacecraft
clock system.

The filter wheel rotation starts independent of the clock system, but when electronics is turned
on the filter wheel is controlled such that its rotation rate is synchronous with the 0.1 second tim-
ing of the data system and the wheel position is brought into phase with the minor frame synch
signal to assure data collection is coincident with the data processing electronics. During each
individual radiometric channel collection interval the start and stop of the collection is independent
of the clock system being controlled by a timing disk on the filter wheel. This eliminates any
disturbance of signal timing by a slight variation in wheel rotation during system operation.

The data from the HIRS/21 system are called from a storage register by the TIP inter-
rogation signal (A, Select). The TIP also provides an 8320 Hz clock to the instrument for
clocking out the Digital A data (C, clock pulse). These pulses are defined in the GIIS.

In addition to the clock pulses there is a Calibration Start Pulse occurring every 256 seconds
that acti-;ates  a sequence of scans that provide radiometric calibration of the instrument. When the
Calibration Disable command is in effect this calibration pulse will be ignored and the instrument
will continue its normal scan sequence.

The major frame pulse is used to establish a reference for the start of scan sequence and to
synchronize the retrace telemetry data to the TIP major frame so that electronic calibration and
telemetry data go into known data slots.

18.2.2.2.4 Digital A Data Output - The data from the HIRS/21 are provided to the TIP
system from a storage register. The TIP clock pulse (C,) and Data Select pulses determine the
time at, which data are called out. The TIP formatter calls out groups of g-bit words in a se-
quence that multiplexes HIRS/21 data with that of other instruments. Because of the large
quantity of HIRS/21 data to be transmitted and the use of 13-bit decoding of radiometric data
it was not possible to format the HIRS/21 data into neat 8-bit segments. The HIRS/21 data
are therefore provided as a continuous stream with 13-bit word lengths. During any minor
frame there are 288 bits of data, each bit identified as to its purpose. The data are described in
Table 18.2-8.

The data changes during the scanning process, but the format remains the same during the 56
earth scan elements. During retrace the data format changes to provide measurement of the internal
electronic calibration signals and to sample all of the telemetry data.
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Table 18.2-8 HIPS/21  Data Outpat

Element 0 - 55

Bit 1 - 8
Bit9-  13
Bit 14 - 19
Bit 20 - 25
Bit 26
Bit 27 - 286
Bit 287
Bit 288

Element 56 - 63

Bit 1 - 26
Bit 287,288

Element 56

Bit 27 - 286

- Element 57

Bit 27 - 286

Element 58

Bit 27 - 91
Bit92-  156
Bit 157 - 221
Bit 222 - 286

Element 59

Bit 27 - 91
Bit92- 156
Bit 157 - 221
Bit 222 - 286

Element 60

Bit27-91
Bit92 - 156
Bit 157 - 221
Bit 222 - 286

Encoder Position
Electronic Cal Level
Channel 1 Period Monitor
Element Number
Filter Sync Designator
Radiant Signal Output (20 Ch x 13 Bits)
Valid Data Bit
Minor Word Parity Check

Same as above
Same as above

Positive Electronic Cal. (Cal. Level Advances
one of 32 Equal Levels on Succeeding Scans)

Negative Electronic Cal.

Internal Warm Target #l, 5 Times
Internal Warm Target #2, 5 Times
Internal Warm Target $3, 5 Times
Internal Warm Target #4,5 Times

Internal Cold Target #1 ,5 Times
Internal Cold Target #2, 5 Times
Internal Cold Target #3,5 Times
Internal Cold Target #4,5 Times

Filter Housing Temp # 1,s Times
Filter Housing Temp $2, 5 Times
Filter Housing Temp #3, 5 Times
Filter Housing Temp $4, 5 Times
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Table 18.2-8 HIRW21  Data Output (continued) -

Element 6 1

Bit27-91
Bit92-  156
Bit 157 - 221
Bit 222 - 286

Element 62

Bit 27 - 39
Bit 40 - 52
Bit 53 - 65
Bit 66 - 78
Bit 79 - 91
Bit 92 - 104
Bit 105 - 117
Bit 118 - 130
Bit 131 - 143
Bit 144 - 156
Bit 157 - 169
Bit 170 - 182
Bit 183 - 195
Bit 196 - 208
Bit 209 - 221
Bit 222 - 234
Bit 235 - 247
Bit 248 - 260
Bit 261 - 273
Bit 274 - 286

Element 63

Bit 27 - 39
Bit 40 - 41
Bit 42 - 44

*Bit 45 - 52
Bit 53 - 57

*Bit 58 - 65
Bit 66 - 78

Bit 79 - 91
Bit92 - 104
Bit 105 - 117

*Command Status Bits

Patch Temp Expanded, 5 Times
First Stage Ternp, 5 Times
Filter Housing Control Power/Temp.,  5 Times
Electronic Cal DAC, 5 Times

Scan Mirror Temp
Primary Telescope Temp
Secondary Telescope Temp
Baseplate Temp
Electronics Temp
Patch Temp-Full Range
Scan Motor Temp
Filter Motor Temp
Analog Ground
Patch Control Power
Scan Motor Current
Filter Motor Current
+15 VDC
-15 VDC
+7.5 VDC
-7.5 VDC
+10 VDC
+5 VDC
Analog Ground
Analog Ground

Line Count
Fill Zeros
Inst. S/N
Command Status
Fill Zeroes
Command Status
Binary Code (l,l,l,l,l,O,O,l,O,O,O,l,l)

+3875  (Base 10)
+1443
-1522
-1882

-’
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Table 18.2-8 HIRS/ZI-  Data Output (continued)

Element 63 (continued)

Bit 118 - 130
Bit 131 - 143
Bit 144 - 156
Bit 157 - 169
Bit 170 - 182
Bit 183 - 195
Bit 196 - 208
Bit 209 - 221
Bit 222 - 234
Bit 235 - 247
Bit 248 - 260
Bit 261 - 273
Bit 274 - 286

*Bit 45
*Bit 46
*Bit 47
*Bit 48
*Bit 49
*Bit 50
*Bit 5 1
*Bit 52
*Bit 58
*Bit 59
*Bit 60
*Bit 6 1
*Bit 62
*Bit 63
*Bit 64
*Bit 65

Instrument ON/OFF
Scan Motor ON/OFF
Filter Wheel ON/OFF
Electronics ON/OFF
Cooler Heat ON/OFF
Internal Warm Tgt. Pos
Internal Cold Tgt. Pos
Space Pos.
Nadir Pos.
Calibration Enable/Disable
Cover Release Enable/Disable
Cooler Cover Open
Cooler Cover Closed
Filter Housing Heat ON/OFF
Patch Temp Control ON/OFF
Filter Motor Power HIGH

-jt??7J
-1 l&i;
+11:‘5
+369>
-2886
-3044
-3764
-3262
-228%
-225 i
+3218
+I676
+1992

ON 7 I

ON = 0
ON  = C
ON - Y
ON = 0
TRUE = :
TRUE = 0
TRUE = c3
TRUE ‘-. 0
ENABLFD = 0
ENABLI: I-, :. :-
YES = i
YES
O N -
ON.3 I
NORMAL = 1

*Command Status Bits

Scan Element 0 describes the data at the time of viewing the first scan position,. Scan Flemert
55 designates the last earth scan position. Scan Elements 56-63 occur during retra:: * tiiui3: . .i ITI
earth scanning. The same element number designations continue when the scan is e$.smmari::;e  ’ i a
calibration target. Normally the mirror motion between calibration targets takes place dw JT ti,e
normal retrace interval. In the case of slew to the space look position the motio-,  ix_<.,lr!: J!~~rin~;

h scan elements 0 to 7. Data reduction must take this into account as required.
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In order to aid determination of times when data should not be used we have included a Valid
Data Bit into the data stream. This bit is a “1” when all conditions are normal and data may be
considered good. It will  be a “0” when the scan system is in a slew mode or when the filter wheel is
not synchronized to the timing system.

The HIRS/2  data output is tabulated in Table 18.2-8. Much of the data format is repetitive
for all scan elements. Encoder position is the sensed position of the scan mirror in 1.8” increments.
The scan positions are described later, but it may be noted that encoder position “1” occurs at the
first earth scan position, hence will be the encoder position noted during element “0”.

Electronic calibration level advances from 0 to 3 1, defining the step level measured in each
radiometric channel during elements 56 and 57. Since both a positive and negative calibration is
made at the end of each scan line the level applies to both. The step level starts at 0 on the first
scan after a calibration start pulse and continues repetitiveiy after that, even when calibration is
disabled.

Channel 1 Period Monitor measures the variation in time interval of a segment of the filter
wheel on each rotation. The reading measures 1.248 MHz clock intervals of that segment, hence de-
fines velocity variations to a granularity of 0.8 microseconds. This is a diagnostic output and is not
used in system data processing or evaluation.

Element Number is the number of this data group. It advances from 0 to 63, with element 0
related to the first earth scan position. The element number repeats regardless of scan position or
mode.

Filter Sync Designator is a “1” when the ,fiIter  wheel is in synchronism with the timing system.
This is diagnostic data not normally  used in data collection or processing.

Radiant Signal Output is the 13 bit level measurement of the signals coming from the various
sensors. The first bit is a sign bit (“1” negative, “0” is positive). The data is in binary code from
Most Significant Bit to Least Significant Bit.

Minor Word Parity Check is a bit inserted to make the total word odd. This permits
automatic checking for data losses in the transmission of the data from the HIRSJ21.

In Elements 58-60 we note that there are four temperature sensors and that each sensor is
sampled five times. This provides a more accurate measurement of the critical sensor temperatures.

In Element 6 1 and 62 the data multiplexer connects other voltages and temperature sensors to
the analog to digital converter and monitors essentially all of the major test points in the system.

Element 63 consists of command status, instrument serial number, total line number (13 bit
natural binary) since the last radiometric calibration, and a fixed pattern of fill bits.

The HIRS/21 instrument serial number is preset for each instrument in element 63, bit
4244. The Protoflight has the designation 001, the flight models will be designated 002 on
up.
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Command Status is a tabulation of the commands as given at the end of -the listing.

18.2.2.2.5 Telemetn  Outputs

18.2.2.2.5.1  Digital B Housekeeping Telemetry - The Digital B one-bit status telemetry is
available at the instrument interface at all times. The 3.2-secofid  subcom generated by the  TIP
will sample each Digital B Telemetry Point once every 3.2 seconds. In the HIRS/21 instrument
the Digital B outputs are discrete bilevel signals of 0 or 5V nominal relating to a T ogir- 1 3r 6.
The functions monitored and the state relative to the output level are shown as a pari of ‘F’zble
18.2-9. The Digital B data are available at any time that Instrument Power is ON.

18.2.2.2.5.2 Analog Housekeeping Telemetry - Selected temperature sensors and voltages are pro-
vided for analog telemetry. Fourteen positions are brought to the Analog TLM conrxecttir,  ‘X’wc
additional full time telemetry outputs are also brought to this counter even if the instm,ment  iz >,ff,

These points are sampled at either 16 or 32 second intervals as shown in Table 18.2-g.

18.2.2.2.5.3 Full Time Analog Telemetry - A switched + 28V buss is provided ;.%;i  the
HIRS/21 for measurement of two temperature sensors even when the instrument is cff.
These two sensors are separate from those connected to the instrument power system. A
baseplate temperature sensor and a scan motor sensor are considered capable of defining the
general system temperature under instrument OFF conditions.

-
18.2.2.2.6 Mechanical Interface - The HIRS/21 instrument is mounted on the Instrur,lpr:t
Mounting Platform (IMP) of the TIROS-N spacecraft. The unit mounts by means 3f six
mounting pads. Mechanical characteristics of the unit are shown in Figure 18.2-5, ;” ‘& .‘.‘YY 1’
Interface drawing. In this drawing the maximum dimensions of the instrument arc =now~  :itt
the cooler door open and closed and with the thermal blanket in place. The mounts and center
of gravity are shown on this drawing.

18.2.2.2.7 Thermal Interfaces - Thermal characteristics of the HIRS/21 are based on a
thermal balance providing independence of the instrument from thermal conductina through
the mounting surfaces. Temperature control is maintained by the use of a therm&  +ul;;tin;
blanket over much of the outer surface of the instrument. The cooler housing opemngs,  ~;~a;i;
cavity and sun shields are exposed to space, earth, sun, and spacecraft radiant ini ?+I ,:
ing on the view factors. Thermal balance is maintained by radiation from t‘ :e bas,_$  K
through the Temperature Controlled Louvers of the IMP. Since this base r:idia.n!  WC +
limited we are providing some added radiant area to the scan housing (20.3 squa.  i. _m, A
had direct emission to space. With this design we can maintain a constant 15 “C tern  -erati  E e
using only the vane control of the IMP system. Figure 18.2-6 is the Thermal InterfdL;:  dra,,dinE.

18.2.3 OPERATIONAL MODES

The scan system has three basic modes of operations: 1) launch mode, 2) ;iCssic,T .T i:cl. ;],..I
3) commanded position mode. In addition to these, continuous step mode is introduLr’i  7~1 ,; :v
tically  if the reference tracks are lost during normal mission mode.
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.- 18.2.3.1  Launch Mode

Launch mode is used during the launch of the space vehicle into orbit. The scan mirror rotates
continuously at 78 steps per second in the low power mode. This mode is automatically entered
when instrument power and scan power are commanded on without electronics power being com-
manded on.

18.2.3.2  Mission Mode

Mission mode is the normal operating mode of the scan instrument. To enter into this mode,
Instrument Power, Scan Power and Electronics Power must all be commanded on. Normally, CAL
ENABLE would be commanded on, in which case, the scan would perform a calibration sequence
each 256 seconds (40 line intervals). That is, the scan would earth scan/retrace 37 lines, perform a
calibrate sequence for 3 line intervals, then repeat. The 3 line calibrate sequence can be omitted by
commanding CAL DISABLE. Whenever CAL ENABLE is commanded from a CAL DISABLE con-
dition, the scan will perform a calibrate sequence initiated by the first-major frame pulse following
the CAL ENABLE command. Thereafter, a calibrate sequence will be performed whenever c CAL
START pulse (256 seconds) is received, as long as CAL ENABLE condition exists. Outgassing of
the instrument is done after electronics on is sent (see Activation Sequence 18.2.5).

18.2.3.3 Commanded Position Mode

This mode can only be entered from normal mission mode. CAL ENABLE condition must
exist and a Position Commanded (i.e., >UDIR, Space, ICT or IW’T). After a position command is
entered, the scan will continue its present operation until it reaches start of scan position (REF-O).
The scan will then wait at REF-O until the first scan element “0” (SEO) pulse is received from the
Scan Element Counter/Decoder. At receipt of SE0 pulse, the scan will slew forward to the com-
manded position. It will remain at the commanded position until a POSITION DISABLE command
is received. Immediately upon receipt of a POSITION DISABLE command, the scan will leave the
position and slew forward to start of scan position (REF-O).

A position would normally be commanded only in the event of a suspected imminent rota-
tional failure of the Scan System or to extract long-term calibration data at a calibration position.

In the event of imminent failure of the scan rotational system, it may be advisable to achieve
the position, then command Scan Power off. In this case, the scan mirror will remain at rest 0.9”
(% step) from the energized position. That is, if Nadir Position is achieved, then, Scan Power Off is
commanded, the scan will rest at a position midway between steps 27 and 28 (1.8’ from true
Nadir).

18.2.3.4 Continuous Step Mode

The Continuous Step Mode cannot be entered into by command. It is entered automatically
in the event that both reference track signals (start of scan position) are lost. If the scan is in nor-
mal mission mode, (Position Disabled) and two consecutive major frame pulses are received without
an REF-O signal being generated, the scan will enter a continuous forward stepping mode at the

.- normal stepping rate of 0.1 seconds per step or 20 seconds per rotation. Complete radiometric data
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from earth scan, space, ICT and IWT will be available during each rotation. It is possible to modify
ground system programs to recover this sounding data, which would include a 56 step earth look
and a look at each calibration position on each rotation. The 20 second repetition rate in place of
6.4 seconds would reduce resolution along the satellite track to one-third the original. Calibration
data would need to be accumulated for averaging.

18.2.4 FUNCTIONAL DESCRIPTION

Figure 18.2-7 is a basic block diagram of the Scan System. The heart of the scan system is a
stepper motor with 200 steps per rotation. Assembled to the shaft of the stepper motor are (1) a
scan mirror mounted with the mirror surface plane at 45’ with respect to the axis of the motor
shaft, (2) a DC torque motor, (3) a DC tachometer, (4) a shaft position encoder and (5) a two contact
slip ring assembly.

The drive control signals for the stepper motor are generated by a step generator which has in-
put control features for retrotorque control, step/slew control and rotational direction control (up/
down). Output from a scan regulator with power level control is applied to the motor driver to
provide stepping torque levels as required.

Scan Control logics  utilize timing signals and position commands in conjunction with position
information derived from a position encoder to monitor and control performance of the system.

A tachometer is used to derive rate information which is used to control a DC torque motor
to aid stopping of the scan rotation as the scan settles into a track position or into a step position.

Connections to a thermal sensor on the scan mirror are provided via two leads from the mirror
through the hollow motor shaft to a slip ring assembly at the opposite end of the shaft.

The following discussion is a detailed functional description of the scan system as it performs
under the several possible conditions. The conditions include launch mode, mission mode (with
variations of commands) and failure modes. This description will not refer to any command func-
tions other than those directly relating to scan system performance (e.g., Filter Motor Power would
normally be commanded on during the turn-on sequence of commands. However, it will not be
included in the turn-on sequence of commands in this description). (Figure 18.3-8 is a detailed
block diagram of the scan system to aid in following this description). The functional blocks in this
diagram do not represent division of functions per subassembly, pw board, etc. as they are incorpor-
ated in the scan system.

18.2.4.1 Launch Mode

To enter launch mode, Instrument Power and Scan Power must be commanded on without
Electronics Power being commanded on. In this condition, absence of + 1 OVDC-2 is detected and
the following conditions are forced:

(a) The REF LOST detector is held in reset condition.

(b) GO-TO logic is inhibited from recognizing a Position Command.
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(c) STEP/SLEW logic is forced into slew condition, which in turn  forces I!P/DOWW  logic
into UP condition.

(d) Power control logic (within position track logic functional block) controls the scan regu-
lator to launch power level (low power)._.

(e) Encoder electronics are inhibited from generating position track signals,

Thus, during launch mode the scan slews up (forward) at low power level and cannot be command-
ed to a position or receive a reference track signal (start of scan position).

18.2.4.2 Mission Mode

To enter Mission Mode from launch mode only requires that Electronics Power be cornT;,3n&d
on. It should be noted that when Instrument Power is commanded off, CAL ENABLE and POS!--
TION DISABLE are automatically accomplished.

When Electronics Power is commanded on, encoder electronics and position track !ogic are
immediately enabled. This causes scan power to immediately go to high power mode, slew rate r-e-,
maining at 78 steps per second until the scan reaches REF-Q: This track is now recognized; the
slew clock is commanded to stop and the scan regulator is switched to low power, Pdhn the scan
enters th.e REF track, which is 5.4’ of arc, the amplifier controlling the torque motor is switcht,o

V to high gam condition to assist in stopping the scan motion. This damping action endures for at-cl  .t
80 milliseconds. The track,in  conjunction with motor step zero (ofzero  through 3) causes  the steppbl
motor to settle with the scan centered in the REF track. Also, when Electronics Pov~%_  s corn.-
manded on, a start-up delay latch is enabled, which is set on the trailing edge of t’ie . -01: 93: : qg
major frame pulse (32). This in turn enables the REF LOST detector and CAL STi-.;;  i&h. r”‘::
STEP/SLEW logic is still forced into SLEW condition (now by virtue of the CAL SIT UP latch  b_
ing set), thus, the scan remains at start of scan position.

The leading edge of the next major frame pulse clocks the SIT-UP latch to a se:. _ : ;;, 7.
This initiates a calibrate sequence, which is controlled by a shift register in the CAI, ,IJ’ ‘-.i’\r%:E
GENERATOR. Now a signal indicating that a calibrate cycle is in process continue? i I ,>rc‘a i-~*;
STEP/SLEW logic to SLEW condition.

When the calibrate sequence is initiated, the REF-Q latch is cleared, the slew c: _c3; $2 :..: anti
the shift register prepares the position track logic circuits to recognize SPACE TRP  t”
STEP 0. Removal of the SL CL STP (slew clock stop) signal causes an ACC SL S’l ,:h

3 r/ ‘I
lera .ed

slew start) pulse to be generated. This initiates generation of an accelerated slew/ra,np  &..; a genera-
tor which contains an oscillator, up/down counter and DAC, along with associated control logic.
Duration of the up/down ramp is 0.5 seconds. It is applied to the slew clock rate cc~?~l an?
causes the slew rate to increase for about 0.25 seconds, then decrease in the next 0.1’. .- cv LS
(again to 78 steps per second). Amplitude of the ramp is determined by switching 5 :., i !- ,.d: 0 I
the DAC output, the switching being controlled by the CAL SEQUENCE shift registe! Yie * 3
SPACE position has the most severe ramp, resulting in a peak slew rate of nearly 2OC; st 1’ ; yc ec I

L- ond. Slew from position to position during a calibrate sequence is nominally accomp&htd  1:~ !J). ‘i
to 0.6 seconds then allowing 0.2 to 03 seconds additional (0.8 seconds total) for settling into the
position.
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Subsequently, SE56 pulse from the Scan Element Counter/Decoder advances the shift register
until it has cleared itself. At this time, the scan has advanced to REF-O and is awaiting the next
SE0 Pulse from the Scan Element Counter Decoder to initiate its next action.

If no other command has been given (such as a Position Command), at receipt of SE0 signal,
the step latch will be set (in the step/slew logic) and the stepper motor willbegin to step forward
(up) at 10 steps per second as determined by 10 pps from the Scan Element Counter/Decoder. A
special feature called’ retrotorque damping is used to control the characteristic with which the scan
settles into each step position. At the time that the motor winding control is changed to a braking
function (retrotorque), the DC torque motor is energized to aid in step settling.

Stepping continues at 10 steps per second until SE56 is received. At this time, the step latch
is reset to slew condition, the UP/DOWN latch is reset to down, the scan power level is switched to
high, the slew clock is enabled and an accelerated slew ramp is generated. Thus, at receipt of SE56,
the scan ramp slew backward (down or “retrace”) at high torque level until it reaches the reference
track, motor step 0, at which time the slew clock is commanded to stop, the scan halts and scan
power level goes to low. (It should be noted here that the scan will always stop at REF-0 when
Electronics Power is on, and wait for the next SE0 pulse before proceeding with any further action.)
Unless altered by receipt of another command, the scan will continue this step/retrace until a cal
start (256) pulse is received, at which time an automatic calibrate sequence is again performed. As
long as CAL ENABLE command is in effect, and no other command is received to alter scan opera-
tion, the scan will continue repeating scan/retrace for 37 lines, calibrate sequence for 3 line intervals.

If a position is commanded with CAL ENABLE in effect, the scan continues its present oper-
ation until it reaches REF-O. There, it awaits SE0 signal at which time step/slew logics  are forced
to slew condition, which in turn forces up/down logic into UP condition. An accelerated slew ramp
is generated, however, severity of rate control is very slight. When a Position Command has been
acknowledged, all other scan operations are ignored until a POSITION DISABLE command is re-
ceived. A position command cannot be received unless CAL ENABLE is in effect. However, once
the Position command has been received, the Position will be maintained even though CAL DIS-
ABLE command has been received.

-

Upon receipt of POSITION DISABLE command, slew clock is enabled, accelerated slew ramp
is generated, scan power level goes high. Thus, the scan ramp slews forward immediately in search
of REF-O position.

When CAL DISABLE is in effect, CAL START (256) pulse is ignored and position commands
are ignored. Thus, the scan enters a continuous step/retrace mode.

18.2.4.3 Continuous Step Mode

If, during mission mode, the reference tracks fail, the scan will continue its present operation
until it seeks the reference track, motor step 0 (REF-O). If this is during retrace, it will continue
slewing  until SE0 signal sets the UP/DOWN logic to UP condition. Then, it will slew forward in
search of REF-O. This will continue until the 2nd major frame pulse, at receipt of which the ref-
erence lost latch is set, forcing the step/slew logic into step condition, and UP/DOWN logic into UP
condition, disabling SE56 from reversing the UP/DOWN logic. Thus, the scan will continuously -

18.2-30



- step forward in low power mode. Calibrate logic isBJsa;bed.  Position commands can be received
if CAL ENABLE is in effect. However, the position will be achieved by position track logic disabl-
ing the step generator when the position has been reached. When the position disable command is
given, the step generator is enabled and the scan continues stepping forward at 10 steps per second.

If at any time a reference track signal is generated, the REF LOST latch is reset and normal
operation is attempted.

18.2.5 ACTIVATION SEQUENCE

18.2.5..1  HIRS/21 30°C Radiant Cooler

The activation sequence for the HIRS/21 instrument (FM-11 through -71) with its 30°C
radiant cooler decontamination heater is as follows:

(a)

(b)

(cl-

18.2.6

18.2.6.1

Commands Prior to Launch - Instrument On (H2PON),  Scan Motor On (H2SMN), Filter
Motor Normal Power (H2FMN),  and Filter Wheel Motor On (H2FWN).  Note: The stored
command “on/off’ for the outgassing/cooler  heater may remain unchanged as a precau-
tionary measure against accidental HIRS/2 cooler door deployment.

Gilmore  1 Commands - Electronics,On  (H2ELN)  and Cooler Heater On (H2CHN).

Wallops 2 16 Commands - Cooler Door Release Enable (H2CRE),  c?mmand spacecraft
28 volt bus current, analog telemetry channel 296, into 1 second dwell modes prior to
(H2CCD); Cooler Door Deploy (H2CCD);  Cooler Door Release Disable (H2CRD),  com--
mand spacecraft 28 volt bus current 1 second dwell mode off; Cooler Heater Off
(H2CHF);  and Patch Temperature Controller On (H2PCN).

CONSTRAINTS

General

The various modes of operation have specific requirements (constraints) that must be met,
either prior to initiation of a mode or after it has been established. Constraints imposed for the
various operating modes are listed in the following paragraphs.

18.2.6.2

(a)

(b)

(c)

(d)

Prelaunch Mode

The cooler door must be verified latched.

Cooler and scan cavity dust covers must remain in place for testing.

Baseplate temperature limits, during all modes, is 10 to 30°C.

The decontamination heater system for the radiant cooler is a thermostatically con-
trolled system designed to limit radiant cooler temperature to a maximium of 30”C,
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Special precautions must therefore be taken when operating the cooler heater in
Ming these instruments to avoid detector temperatures in excess  of 30°C because of
possible detector degradation or failure. HIRW21 FM-1 I through -31 have been built
to prevent the cooler heater from heating the radiant cooler above 30°C.

18.2.6.3 Launch Mode

(a) Verify that dust covers are removed prior to launch.

(b) The cooler door can be opened only once, and not reclosed. Therefore, it should not be
opened until after the initial outgas  period.

(c) For protection of bearing surfaces, etc., the HIRW21 should be launched with the
scan mirror ON.

(d) The chopper-filter motor should be ON at launch.

(e) The chopper-filter motor should be in NORMAL (low) mode at launch.

(f) In order to execute a go-to command the instrument must be in the calibration ENABLE
mode.

(g) See activation sequence 18.2.5.

18.2.6.4  Orbit Mode Constraints

The cooler door opening mechanism has a time-out device which automatically disables the
solenoid after the door has opened. For safety, however, the cover release DISABLE command
should be transmitted after positive indication has been received that the door is open.
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18.3 MICROWAVE SOUNDER UNIT (MSUj

18.3.1 FUNCTIONAL DESCRIPTION

18.3.1.1 Objectives

The TIROS-N  Microwave Sounding Unit (MSU) is designed to accomplish two
basic objectives:

(a) To map the temperature profile of the atmosphere from 0- to 20&n
altitude, even in the presence of clouds.

(b) To acquire a unique global data set for operational use. The data will
be a part of the continuous operational meteorological data which are
a primary goal of the TIROS  Operational Satellite System.

18.3.1.2 Basic Operationdl  Theory

The instrument objectives are accomplished by scanning the atmosphere trash-
verse to the orbit plane and separating the received microwave radiation ‘Ln~t
their vertica.l  and horizontal polarization components. This received signal-
is a measure of the effective noise temperature at the sampled atmospheric
height. Through a series of internal calibrations and temperature compariscjn:.
with ambient reference loads an atmospheric temperature profile is derived.

18.3.2 SYSTEM DESCRIPTION

18.3.2.1 General

The MSU instrument is a four-channel scanning microwave radiometer system
comprised of two scanning reflector antenna systems, orthomode transducers,
four Dicke superheterodyne receivers, a data programmer, and power supplies
(see Figure 18.3-1). The antennas perform a 94.8-deg scan transverse to th<.
orbit plane, 47.4 deg on each side of nadir. A space and an internal blackbody
view for calibration purposes will also be used. The beamwidths of the a.dem.:i,j
are  approximately 7.5 deg, resulting in a resolution on the ground varying from
a circle with a diameter of 109 km, to an ellipse with a major axis of 323 km
and minor axis of 179 km, depending on the scan angle (see Figure 18.3-2),
and a swath width of about 2320 km. The scan is stepped; i. e., the beams are
always scanned in the same direction while taking data with a rapid step to the
next data-taking position. The rate of scan is such that almost continuous cov-
erage of the ground is provided. A step-scan system is used to avoid smearing
of the data in the scan direction. One complete scan is accomplished every 25. id
sec.

18.3-l







Microwave energy received by each antenna is separated into the vertical and
horizontaI  polarization components by an orthomode transducer. Each of these
four signals is then fed to one of the radiometer channels. Each incoming noise
temperature is modulated at a l&Hz rate by a Dicke  switch such that a repeti-
tive comparison is made between an ambient temperature reference load and
the incoming signal. A two-point calibration is accomplished by a cold-space
view and a blackbody view, once each scan period. The modulated signal is
passed through an isolator and then mixed in a low noise balanced mixer with
a local Oscillator (Lo) signal to produce an IF frequency with a pass band of
10 to 110 MHz. The signal is further amplified in IF and video amplifiers and
then demodulated by the phase detector. The final signal amplification takes
place in the integrator and dc amplifier where it is integrated 1.82 sec. Each
radiometer output is -5 to +5 Vdc for 0- to 350-K equivalent noise temperature
input at the front end. Each radiometer channel gain is 28.6 mV/OK.  A sum-
mary of MSU characteristics is given in Table 18.3-l. Figure 18.3-l is a
functional block diagram of the MSU; Figure 18.3-2 shows the instrument scan
pattern projected upon the Earth; and Figure 18.3-3 is a drawing of the instru-
ment.

TABLE 18.3-l. SUMMARY OF MSU CHARACTERISTICS

Characteristics R
1

Channel

R
2 R3 %

Frequency (GHz)

RF bandwidth (MHz)

Integration time (set)

AT (K) for 1.8 set
rms
integration time

Dynamic range (K) (min)

Instrument absolute
accuracy (K rms)
(Iong term)

IF Frequency Range
(MHz)

Antenna beamwidth (deg)

Antenna beam efficiency fi)

50.30 53.74 54.96 57.95

220 220 220 220

1.8 1.8 1.8 1.8

0.3 0.3 0.3 0.3

O-350 O-350 O-350 O-350

<2.0 <2.0 c2.0 <2.0

10-110 10-110 10-110 10-110

-7.5 -7.5 -7.5 -7.5

>90 >90 >90 >90

-
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The MSU is comprised of the following three modules and their component
subassemblies:

(a) Scan Mechanism-The scan mechanism is made up of the following:

(1) Two antennas

(2) Antenna drive, positioning and measuring subassembly

(3) Structural support subassembly

(b) Instrument Electronics- The instrument electronics consists of the
following:

(1) RF chassis

(2) IF/video chassis

(3) Data chassis

(c) Power Supply-The power supply is made up of six (four identical)
power submodules.

These -modules are shown as integral assemblies in Figures 18.3-3 and 18.34

18.3.2.2 MSU Soan Mechanism

The MSU scan mechanism, as the name implies, accomplishes the scan pattern
of the instrument. This mechanism includes the antennas, antenna drive, po-
sitioning and measuring subassemblies, and the associated structural support
assemblies.

18.3.2.2.1 Antenna-The antenna submodule consists of two rotating reflectors
with futed corrugated feed horns. The reflectors are supported by high precision,
low-torque ball bearings. The bearing inner races are stationary and are attached
to the antenna feed horn structure. The reflectors are attached to the outer races
that are rotated by highly accurate pulley drives. The pulley drive is radially
supported from the bearing by titanium flanges to reduce thermal expansion/
contraction effects. To meet the sensitivity requirement of 0.30 krms,  two
antenna assemblies, which have significantly lower losses than a single antenna
assembly, are used. Associated with each antenna is an orthomode transducer.
The orthomode transducer separates the vertical and horizontal polarization
components of the broadband incoming signal; each is tuned to one of the MSU
operating frequencies and appears at the output ports of the transducer. Table
18.3-2 lists the antenna parameters.
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TABLE 18.3-2. ANTENNA PARAMETERS

Parameters

Operating Frequencies

Bandwidth at each frequency

Half power beamwidth

Beam efficiency

Polarization

Values

Antenna 1 50.30 and 53.74 GHz

Antenna 2 54.96 and 57.95 GHz

it200 MHz

7.5 nominal

90% minimum

Linear, polarization
at each frequency
determined by ortho-
mode transducer

VSWR Less than 1.20;1

Side lobe amplitude -23 dB maximum

18.3.2.2.2 Antenna Drive Positioning, and Measuring Subassembly-The
antennas are driven by a 90-deg stepper motor and-a set of high precision min-
iature gear belts. The motor to antenna‘pulleys  have a reduction ratio of 9.5
to 1. The belts are made from precision-molded polyurethane elastomer with
dacron  filaments and are slip-proof for constant accuracy. Synchronized en-
gagement is maintained with matching miniature pulleys that are flanged to
prevent belt walk-off. Under the control of digital electronic circuitry, the
motor takes single steps, or runs continuously for a predetermined number of
steps, to position the antenna at each angle required for taking measurements.
After the antenna reaches each position, power remains on the motor for 40 msec
to provide braking and mechanical damping.

The antenna positions are monitored by a potentiometer and an encoder. The
potentiometer is a single turn with continuous rotation and has infinite resolu-
tion over 350 deg of travel. The encoder is a disc type, generating angular posi-
tion with a resolution of 256 counts per revolution. The potentiometer and
encoder are connected to the same shaft drive as the antennas using identical
belts and gear ratios. One antenna has a stationary E-core with a pick-off core
attached to the antenna/bearing flange to provide an electrical signal when the
antenna reaches the zero position.
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18.3.2.2.3 Structural Support Subassembly-The structural support subas-
sembly which includes a base plate and several support brackets is made of
aluminum. Each antenna has a microwave blackbody calibration load where the
antenna dwells for 1.9 sec. These calibration loads consist of parallel rows
of knife edges made by casting an iron-filled epoxy onto an accurately ma&ined
aluminum backing plate. The aluminumfs  high conductivity minimizes thermal
gradients in the iron-filled epoxy; the epoxy composition and shape provide,
essentially, a blackbody target for the antennas. These targets, esscnti,all~~
isothermal and at a measured temperature, provide one of two calibration pounds
that each antenna sees every revolution. The second calibration is provided,
at a lower temperature, by a view of space. The metal surfaces of the struc-
tural components are either hand polished or carefully cleaned to increase the
thermal emissivity. The entire scan mechanism, except for the antenna view-
ing, is enclosed by a fiberglass shield to minimize heat losses. The shield ha_s
shiny aluminum foil attached to the inside surface and is painted white on the
outside surface.

18.3.2.3 MSU Instrument Electronics

The instrument electronics consists of three chassis, namely the RF, IP., ‘4~:~~
and data chassis. These three chassis are mechanically connected by suppori
brackets, radiator plates, and the antenna subsystem base plate; together they
comprise the four radiometer channels, the multiplexer, and the data pro’gr~,;  ~~xtl,  ‘P
shown in Figure 18.3-1. Each channel of the radiometer is self-containe?  and
can be used independently of any other channel(s). The design is a convenLl_,na_l
Dicke radiometer with a switching rate of approximately 1000 Hz. Each chz-rnel
is identical except for the operating frequency and is comprised of solid state
components. The incoming signal  is connected to the Dicke switch. The Di::kc
switch alternates between a microwave load at instrument temperature and ~1 $3
incoming signal. This modulated switch output is fed through an isolator t”o a
low noise balanced mixer preamplifier. The local oscillator is a Gunn diode
unit and provides approximately 10 mW of power at the particular channel  foe-
quency. The RF bandwidth of the mixer is *300 MHz from its nominal rrp;:~  -LX; inc.
frequency. The IF bandpass  extends from 10 to 110 MHz; the predetectlvn  ?x~.~+
width is, therefore, 100 MHz. This signal is further amplified in the prci%:i  If
amplifier and square law detected. The detected signal is amplifitid by t-“, v tier
amplifier and then synchronously detected. The output of the synchronou,,  ~‘lc
tector is the difference between the antenna signal and the reference load
(‘I? constant). The resultant dc signal is proportional, therefore, to the ~13.5 f,rina
temperature, and it is further amplified by a dc amplifier. This signal i tv-~jl.
able as the analog output. The detected signal is also integrated for 1.8’! i :x_
and then digitized by the 12-bit Analog to Digital (A/D) converter.
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18.3.2.4 MSU Power Supply

The power supply is mounted remotely from the rest of the instrument. It con-
aids of six chmsis,  four of which are identical. All exterior exposed surfaces
are painted black.

18.3.-Z. 5 Temperature Monitoring
There are four analog telemetry channels monitoring temperature: one each on
the two Dicke  switches and one each on the two in-flight black bodies. The
temperature sensors are thermistors.

18.3.2.6 Calibration

MSU radiance data for each of the four charnels are essentially temperature
difference information, between the incoming noise temperatue as seen by the
scanning antennas and an ambient temperature reference load as generated
within the instrument electronics. The actual temperature difference values
(thus the temperatures themselves) of the various Earth samples are determined
from the instrument output signals by referencing to the values for two known
temperature sources, the blackhody  target (hot) mounted upon the structural
subassembly, and space (cold). Additions3 information needed for temperature
determination from radiance data is found in the telemetry temperature monitors
of the instrument, the reference load and the calibration target temperatures,
and the calibration curves determined during prelaunch testing and is found by
comparison with similar data from other instruments and from operational
meterological and oceanographic stations.

18.3.2.7 System Timing

The data programmer interfaces to the spacecraft 1.248-M&  clock and the
128-set clock A1 and Cl pulses, and utilizes these signals for timing and syn-
chronization of the experiment operation and the data output. Each scan period
is synchronized at 25.6 set and comprises 11 Earth-viewing periods, a space
view calibration period, a microwave blackbody view calibration period, and
the various stepping and slewing periods required between the viewing periods
for the mirror to be stepped to its next poeition. There sre five of these full
25.6.eec scan periods during each spacecraft 128-set  clock period. The scan
cycles are illustrated in Figures 18.3-5 and 18.3-6. Under normal operating
conditions, the antenna 1s inherently synchronized tc the digital circuitry driv-
ing it, and the digital circuitry is eynchronized to the spacecraft by the 128-set
p&e.

-
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The following list is the typical sequence of events which lead to the establish-
ment of synchronism between the antenna and the spacecraft:

(a) The digital circuitry comes on in some arbitrary state.

(b) The antenna becomes synchronized to the digital circuitry within 25,6
sec.

(c) The digital circuitry becomes synchronized to the spacecraft via the
receipt of the 128-set pulse. As a result, synchronization between
the antenna and the digital circuitry is lost.

(tij The antenna again becomes synchronized to the digital circuits  within
25.6 sec.

The actual timing breakdown is as follows:

(a) Earth scan position zero timing:

(1) Antenna step and settling time, 0.067 set

(2) Antenna dwell time, 1.826 set

(3) Integration period, 1.82 set

(4) Total time per step, 1.893 set

(b) Earth scan positions 1 through 10 have timing periods identical to that
of step 0, with step 10 ending 20.823 set after the start of SCW~.

(c) Calibration scan timing:

(1) End of step 10 dwell and start of 4 steps to space, 20, b21a c r :

(2) Start of space dwell (step ll), 22.806 set

(3) Space integration period, 1.82 set

(4) Start of 10 steps to absorber, 22.806 set

(5) Start of ambient absorber dwell (step 12), 23.068 set

(6) Ambient absorber integration period, 1.82 set

(7) Start of 14-step slew to first Earth view, 24.929 set
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(8) Antenna retrace and wait period, 0.671 (includes 0.45 set for
moving to step 0 and approximateiy  0.22 set waiting at step 0)

(9) Total scan line time, 25.6 set

18.3.2.8 Data-taking Sequence

The MSU data-taking sequence derives directly from the 11 Earth views, the
cold-space view, and the microwave target view described in para 18.3.2.7.
At each of the data-taking positions, the following information is digitized and
shifted into a 128-bit register:

cl;! One engineering word (telemetry voltage)

@) Two temperature sensor outputs

(c) Four instrument data channel o;ltputs

(d) Scan position angle

The A/D converter is a 12-bit unit. Four additional bits are added to each word
for identification, making each word 16 bits long. The total number of words
output each scan step is eight, which during normal scans require 1.893 sec.
During this period there are approximately 19 TIROS  Information Processor
(TIP) frames output, each having slots for two MSU digital A words, or a total
of almost 38. Since during most of this period there is no MSU data available,
the TIP will receive and put out words filled with zeros. To identify “real
words” from all zero-fill words, the Most Significant Bit (MSB) is 1 for all real
words.

Once the MSU digital-A data words have been recovered from TIP and all-zero
words stripped out, the remaining real words can be formatted into 8 by 14 word
matrices, for each 25.6-set  MSU scan period, with one 8-word row correspond-
ing to each sampling period. This matrix is illustrated in Figure l&3-7.,  The
MSU word structure is shown in Figure 18.3-8., AS is noted in the scan position
column, 3 bits are used to identify the number of scan cycles since the last
128-see sync pulse. This is necessary since the MSU has a scan cycle time of
25.6 set rather than the major frame time of 32.0 sec. The count is set to zero
with the 128-set sync, and counts each scan cycle up to four and is then reset
to zero. Time synchronization of the MSU data with the spacecraft major frame
is thus obtained.
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MSB LSB

1 I 0 2 0” 0” 0’ D8 D7 D6 D= D4 D3 D2 0’ Do

D - D A T A
2 - 1 WHEN IN ZERO REFERENCE DISABLE MODE
I - 1 FOR FIRST WORD OF SCAN

TYPICAL ALL WORDS EXCEPT SCAN POSITION -
LINE COUNT

MSB LSB

1 I 1 z s ~ R’ R” E7 E6 E5 ti E3 E2 E’ E”

E - SCAN ANGLE
R = SCAN LINE COUNT (RESET BY 128 see  SYNC)
S = 1 WHEN IN SCAN DISABLED MODE
Z = 1 WHEN IN ZERO REFERENCE DISABLE MODE

SCAN POSITION - LINE COUNT

Figure 18.3-8. MSU 16-bit Word Format

18.3.2.9 MSU Data

The output data signals supplied by kSU (to TIP) are of three types. In addi-
tion to the digital-A data, as described in para 18.3.2.8, there are analog and
digital-B data.

18.3.2.9.1 Digital-A Data-The digital-A data, as illustrated in Figures 18.3-7
and 18.3-8 are arranged within an MSU frame as shown in Figure 18.3-9.

18.3.2.9.2 Analog Data-The analog telemetry points provided by the MSU
are shown in Table 18.3-3. Detailed descriptions of each telemetry point are
as follows :

(4

(b)

(c)

Channel-l Output-Voltage proportional to Channel-l radiometric
temperature.

Channel-2 Output-Voltage proportional to Channel-2 radiometric
temperature.

Channel-3 Output-Voltage proportional to Channel-3 radiometric
temperature.
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-
(4

(6

(0

(g)

01)

(i)

ii)

Channel-4 titput-Voltage proportional to Channel-4 radiometric
temperature.

Calibration Target No. 1 Temperature-Sensor located in the Channel-1
and -2 calibqtion  target.

Calibration Target No. 2 Temperature-Sensor located in the Channel-z
and -4 calibration target.

Reference Load No. 1 Temperature-Sensor on the Channel No. 1 Dicke
load.

Reference Load No. 2 .Temperature-Sensor on the Channel No. 3 Dicke
load.

Antenna Position-Voltage from shaft angle potentiometer which is
proportional to shaft angle.

Analog Reference-Monitor of excitation voltage for analog sensors
Channels 5 through 9.

WORD0.8, 16...104 INSTRUMENT VOLTAGES

WORD 1,9,17.  . . 105 INSTRUMENT TEMPERATURES

WORD 2,10,18..  . 106 INSTRUMENT TEMPERATURES

WORD 3, 11,19..  . 107 CHANNEL 1 DATA

WORD 4,12,20..  . 108 CHANNEL 2 DATA

WORD 5,13,21  . . .109 CHANNEL 3 DATA

WORD 6,14,22. . . 110 CHANNEL 4 DATA

WORD7, 15,23...111 SCAN POSITION - LINE COUNT

Figure 18.3-9. MSU Digital Format
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TABLE 18.3-3. MSU ANALOG TELE&%l?I’RY

No. Telemetry Point Name

1

2

3

4

5

6

7

8

9

10

Channel-l Data

Channel-2 Data

Channel-3 Data

Channel-4 Data

Cal. Target #l ‘I‘eznp

Cal. Target #2 Temp

Ref. Load #l Temp

Ref. Load #3 Temp

Antenna Position

Analog Reference

WC
Ghan.
No.

317 0 -350 K

327 0 -350 K

365 0 -350 K

373 0 -350 K

182 -30 to +50°c

190 -30 to +50°c

198 -10 to +50°c

206 -10 to +50°c

349 0 to 350°

382 0 to 5 Volt

Range Resolution

70°K/Volt

70°K/Volt

70°K/Volt

70° K/Volt

lG°C/Volt

lG’C/Volt

12°C/Volt

12°C/Volt

7o” /Volt

W - W - -

NOTE: MSU analog telemetry sampling period is 32 sec.

18.3.2.9.3 Digital-B Data-The digital-B telemetry points provided by the MSU
are shown in Table 18.3-4. Detailed descriptions of each telemetry point are
as follows :

(a)

03

(c)

(d)

Data Systems-The data system telemetry point is connected to the
power supply. A positive voltage on this point indicates that power
relay switch closure has occurred, applying power to the data system
power supply input. This system must be powered before data can be
obtained from the output.

Channel l-Positive voltage on this telemetry point indicates power
relay switch closure and application of power to the Channel-l power

supply l

Channel Z-Positive voltage on this telemetry point indicates power
switch closure and application of power to the Channel-2 power supply.

Channel 3-Positive voltage on this telemetry point indicates power
switch closure and application of power to the Channel-3 power supply.

-

18.3-18



TABLE 18.3-4. MSU DIGITAL-B TELEMETRY

s/c State*
No. Telemetry Point Name Chan.

No. Logic “1” Logic rrO”

1 Data System 184 OFF ON

2 Channel 1 216 OFF ON

3 Channel 2 248 OFF ON

4 C h a n n e l  3 25 OFF ON

5 Channel 4 57 OFF ON

6 Scan Power 89 OFF ON

7 System Reset/Scan Enable 121 ENABLE RESET

8 Reference Position Enable 153 DISABLE ENABLE

NOTE: Repetition rate of digital-B telemetry is 3.2 sec.

(e) Channel I-Positive voltage cn this telemetry point indicates power
switch closure and application of power to the Channel-4 power supply.

(f) Scan Power-Voltage on this telemetry point indicates power relay
switch closure and application of power to the scan power supply.

(g) System Reset/Scan Enable-This telemetry point indicates the status
of instrument logic, which determine whether the instrument is in scan
mode (SCAN ENABLE) or scan stop and reset mode (SCAN DISABLE).
Spacecraft and instrument logic is set to provide 0 volt to indicate
scanning operation. A scanning condition will be indicated by a varying
voltage from the analog scan angle indicator.

(h) Reference Position Enable/Disable -This telemetry point indicates the
status of instrument logic which determines mode of REFERENCE
POSITION. Normal scanning operation requires that the reference posi-
tion be enabled (5-V telemetry output). The instrument will scan with
REFERENCE POSITION in DISABLED but will not automatically assume
a normal antenna position. REFERENCE POSITION ENABLED will be
indicated by automatic phasing of the antenna position with respect to 0
position as indicated by scan angle telemetry.
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18.3.3 MODES OF OPERATION

18.3.3.1 Prelaunch and Launch Mode

There is no particular prelaunch mode requirement for the subsystem as long
as whatever configuration is used is made known to the Activation and Evalua-
tion (A&E) personnel. In the launch mode all power supplies and assemblies of
the M$U are to be off, with the antenna stepped to position 33 in order to’lessen
the effect of vibration in the launch vector. Prior to launch the MSU will be
exercised according to plan and verified ready for launch with the successful
performance of the system electrical performance  tests. After these tests are
completed, the antenna will be put into the stepped mode, stepped to position 33,
and then all supplies and assemblies turned off. Position 33 is 180 deg from the
space-view position.

18.3.3.2 Orbit Mode

For the MSU there is no particular decontamination mode. This unit will simply
be left in the launch mode to outgas for a short period (one or more days) and
then put into the normal orbit mode. The only constraint is that in turning on
the subsystem, the data system power supply must be turned on first. The MSU
can be operated in the orbit mode at full capacity (all four channels) or at a
reduced capacity (fewer than four channels), determined by operational needs
to ccnserve power or because of failure within one or more channels.

18.3.3.3 Standby Mode

This mode is simply a low-power mode to conserve spacecraft power in the
event of problems within some other subsystem of the spacecraft. In this mode,
all power supplies and assemblies are turned off until the contingency condition
is over. The only constraint is that the data system power supply be turned off
last.

18.3.3.4 Reset Mode

In this mode, the antenna is inhibited from its normal scan sequence and reset
to the zero position. From there it can be manually stepped to any position
desired, where it will remain until commanded further. This mode can be used
in case of impending failure of the scan system to allow some data to be taken.
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18.3 .4  CONSTRAINTS

There are few constraints concerning operation of the MSU. Among these are:

The data system power supply must be on before assemblies are
enabled.

Before the data system power supply is turned off, all other as-
sembly supplies must be off.

The antenna should be in position 33 during the launch phase.

Two seconds should be allowed between the executions of consecutive
MSU commands.
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18.4 STRATOSPHERIC SOUNDING UNIT (SW)

18.4.1 FUNCTIONAL DESCRIPTION

18.4.1.1 Introduction

The purpose of the Stratospheric Sounding Unit (SSU) is to measure the atir.oh -~
phere’s temperature distribution in the upper stratosphere (between 25,-‘km a.hd
50-km altitude) with as near-global -coverage as is possible from each oay of
satellite operations. The SSU measurements will be made with a vertical
resolution of about 10 km and a horizontal resolution along the subpoint  track
of about 150 km. particular scientific objectives are to:

(a)

@)

(c)
-

18.4.1.2

Monitor the atmosphere’s mean structure tid the changes which occur
with latitude and season in the 25-km  to 50-km altitude range.

Investigate the propagation of large-scale atmospheric waves (esp:ci:~lly
stratospheric warmings) at this altitude and to determine to what ~~knt
these disturbances are generated in the mesosphere.

Investigate links between ionospheric phenomena and the CO2 tire, &XLJ, ‘):‘L
produced by upper atmospheric winds.

Basic Onerational Theorv

In order to interpret infrared radiation received at the satellite in terms of a temperature prorxe,
both the absolute intensity and some method of identifying the effective height range ot the
emission is required. Carbon dioxide is chosen as an emitter since it is uniformly mixed wi, ii;:
the atmosphere and has a convenient (reasonably isolated) spectral band at 15 pm. A well tit
fined  height range - a narrow weighting function - requires selection of energy originating
within a narrow range of absorption coefficients; ideally this would be part of a spectral lin
The actual value of the absorption coefficient determines the effective height of the emission;
for strong absorption the received energy comes from high in the atmosphere; less strong -- 1~~  Ir..j’
in the atmosphere.

For a practical radiometer the energy grasp of the system must be increased to provide r-1 .xeful
signal to noise ratio. Hence a comb filter  is needed to selectively add together the chosen
narrow spectral intervals. Such a filter which exactly matches the CO2 emission spectrum is
most readily engineered by introducing a cell containing CO2 within the radiometer optics chain.

Figure 18.4-1 illustrates the effect of modulating the pressure in such a cell (with a mean pres-
sure of 11 millibar channel 27). Here the difference plot C is one bi-tooth of a multitooth
comb filter. A bandpass  filter reduces the sensitivity of the system to step changes in broadband
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background changes, while accepting -/lOO/such  teeth. The other 2 channels work in a similar
way. With a higher mean cell pressure the positions of the curves C have increased in separation
while remaining symmetrical about the spectral line. A lower absorption coefficient region is
thus selected with a consequentiallowering of the weighting function.

An added bonus of this selective chopping technique is the reduced sensitivity to other infrared
emitters - eg. ozone and water vapor. This is because although both molecules have spectral
lines within the bandpass  of the filter, these lines in general do not match the teeth of the comb
filter  and hence are not modulated by the comb filter and consequently are not detected by the
phase sensitive detection system.

18.4.1.3 Basic Configuration Description

The SSU is a three-channel, cross-course scanning radiometer. Measuremtnts  are in a
step-scan pattern covering 40 deg on each side of nadir with an instantaneous Field-
Of-View (FOV)  of 10 deg. The spectral characteristics of each channel is determined
by a CO2 gas cell in the optical path. Modulation is achieved by sinusoidally changing
the pressure in the cell; the amount of CO2 gas in the cell determines this frequency of
modulation. Behind each CO2 cell is a bandpass  filter  and a light pipe which con-
verges the radiation onto a pyroelectric detector. A scan mirror is employed to achieve
a stepped scan. The scan logic program provides for housing reference blackbody
looks and space looks to obtain a two-point, in-flight calibration. The scarmed  area

SPECTRAL WAVENUM~~ER  (SCALE  ARBITRARY)

XOTE

A Z 8 millibar curve

B z 14 millibar curve

C E Effective transmission for rmxiuiated  signal
generated by differencing  B and A

Figure 18.4-I. Illustrative Plot of Transmission of a 1 cm Cell for Two Different
Cell Pressures (for a Representative Spectral Line).
(These curves approximate to V5 channel 27.)
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begins 40 deg to the left of the satellite subtrack  and continues to 40 deg to the right
of the subtrack (see Figure 18.4-2). The scan pattern consists of a repetitive transverse
scan containing eight FOV elements. An observation area adjacent to the suborbital
track has near-circular surface dimensions of 146 km while observations at the outer
edge of the scan have surface dimensions determined by a distorted ellipse of approxi-
mately 244 km by 186 km.

18.4.1.4 Data Products

The data system for the SSU consists of circuitry to output all of the radiomekids
data, essential telemetry, and general status information. All of this i.nforB.i;+;oL
is transferred via the spacecraft TIROS Information Processor (TIP) and ,wi.lP be
availab!e wherever TIP data are available. The SSU data system will utiIize  TIP
digital-A, digital-B, and subcommutated analog channels.

18.4.1.4.1 Digital-A-The SSU is designed to output all digital instrumz-sti  dat;.
to the TIP digital-A channels. These data include all radiometric signais,  in-
strument temperatures, status monitors, and any other critical telemetry TX-
quired for utilization of the radiometric data.

- 18.4.1.4.2 Digital-B-The digital-B or bilevel telemetry consists of the four
single-bit status monitors used essentially for command verification. Thq -cam??&
rate of each of the four allotted bilevel channels will be once every 3.2 SC:?

18.4.1.4.3 Subcommutated Analog Telemetry-These 10 telemetry channels are
intended for instrument use to monitor critical temperatures, particularly :&en
the instrument is off, (for example, during the launch phase) and to monit> 13
converter voltages for diagnostic purposes.

18.4.1.4.4 Data Storage-There is no onboard  data storage required b\~ :-!te .fST.’

18.4.2 SYSTEM DESCRIPTION

18.4.2.1 General

The SSU system is functionally similar to the Pressure Modulator Radioxn tc: i
(PMR) system flown on Nimbus 6. The SSU incorporates three pressure-
modulated infrared channels as its radiometric inputs. This instrumer~t  is .,
scan.&ng  radiometric sounder utilizing a rotating mirror to accomplisl, ~~inin>
and using the pressure-modulated gas (C02) to accomplish selective band-g-a.:s
filtration of the sampled radiances. The gas is of a pressure chosen to _vi- !:’
weighting functions peaking in the altitude range of 25 to 50 km and is (1~~8 ._ nt:$

‘...-H
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Figure 18.4-Z. SSU Scan Pattern
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in cells iocated  in the optical paths of the three parallel imaging assemblies. Each of
these assemblies utilizes (in addition to its respective gas cell) lenses, filters, a conical
light pipe, and a detector. The view of the three assemblies is step-scanned cross track . i
by a rotating elliptical plane-mirror driven  by a geared stepper motor assembly. This
results in a f 40 deg scan consisting of eight 1 O-deg steps, each requiring 4 set (0.4-
set step and settle time, and 3.6-set  measuring and integrating time). The resultant
radiant energy detected by the three channels during these times is then, after integra-
tion, sampled, digitized, and shifted to the TIP-at  the proper time in the form of 16-
bit digital-A words, of which 12 bits are used.

A summary of SSU requirements is given in Table 18.4-l) and radiometer performance
specifications are given in Table 18.4-2. Figure 18.W is the system block diagram,
and Figure 18.4-5 illustrates the system itself. The SSU can be broken down into the
following major assemblies which together form the complete unit. They are as
follows:

(a) Scan assembly.

(b) Pressure Modulator Cell (PMC) assembly.

(c) Optics assembly.

(d) Electronics assembly.

18.4.2.2 Scan Assembly

The scan assembly consists of a 90-deg  stepper motor driving a single pass 9-
to-l reduction gear assembly for a step angle of 10 deg. Five magnetic reed
switches plus a Light Emitting Diode (LED) and a detector for a fine position
indicator are fitted into the bearing housing and ar,e operated by a magnet car.ri ,.’
in a nylon gear. The switches wiIl give an indication of the Position at the two
extremes of the Earth-scan view, at Earth-scan position No. 5, and at space tint’
calibration blackbody position.

18.4.2.3 Pulse  Modulator Cell

The PMC (Figure 18.4-3) contains a drive system consisting of a coil and magnet
used to oscillate a piston within a cylindrical bore to produce the required pres-
sure moctulation.  A suspension system of two-plane,  spiral-cut springs support
the piston shaft. The PMC Is are operated at their natural resonance frequencies
as set mainly by the restoring force arising from the springs and compressed
gas.
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TABLE 18.4-I. SSU PERFORMANCE REQUIREMENTS

Parameters

Nominal pressure at peak of 15 5 1.5 mb
weighting function

Noise equivalent temperature
difference at scene
temperature of: O°C (273'K) ~~.~S* <o.s* xl.2 OK*

-600C (213'K) f 3. <1.0* ~2.5 K'

Noise equivalent radiance <0.35** <0.7- c1.75*t

Bias error between deduced
temperature and scene
temperature <l'KH* <l'KC** < IoK**

Bias error between any two
SSU channels <0.5'K <0.5'K** <0.5'Kfff

Angular diamter of FOV 10 deg 10 deg 10 deg

Relative alignment of
channels 0.5 deg 0.5 deg 0.5 deg

Number of earth views 8 8 8

Time interval between
scan-mirror steps 4 set 4 set 4 set

Total extent of scan,
either side of nadir 40 deg 40 deg 40 deg

NOTE

* The design aim is to achieve performance a factor of two better than this
requirement.

* These noise equivalent radiances (mW/m2 steradians cm-1 ) are consistent
with the quoted NE AT values.
- For scene temperatures between 200 and 300'K.
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18.4.2.4  Optics Assembly

The optics assembly (for each channel) consists of the scan mirror (also part of
the scan assembly), telescope, a light pipe, interference filters, and the COPR-
sponding PMC which acts as a variable band-reject filter to the incoming
radiances. These are illustrated together in Figure 18.4-6.

18.4.2.5 Electronics Assembly

General description on electrical system. For information refer to Figure 18.4-7.

Each of the 3 signal channels consists of detector, preamplifier, test input to irnrribir
signals after the preamplifier, main amplifier, inverter and phase sensitive tletect:ir
(PSD). The PSD is switched by reference signals from the relevant PMC. The rectified
signal then passes to an integrator, integrating for approximately 3.6 seconds m every 4
seconds. The integrator has an offset to permit output from the full range of e~pecred
scene temperatures to cover 20% to 80% of the telemetry range.

Each PMC amplitude is monitored by the back e.m.f. generated in the corl  hlrci  :‘: on.
trolled by varying the drive pulse width. Amplitude information is fed to the sp, ce-
craft telemetry. The back em.f. also generates a reference signal for the signal channel
PSD and also.an input to the frequency counter. The counter counts the oscilla?lons
of one PMC over a 32 second period and presents the tota to the data handhng  logic
for inclusion in the digital ‘A’ output. After this, the second PMC’s  oscillations ace
counied for 32 seconds, followed by those of the third PMC.

The calibration scan mirror is rotated by a 4 pole stepper motor driven by pi 7:. 1
derived from the SSU main counter. Mirror position is sensed by 5 magnetic .e,i
switches which sense 5 of the possible mirror views. One reed switch is used to
synchronise  the mirror to its drive logic, and to supply digital position teiellr;  :rj _

All Analogue signals are multiplexed together and fed to a 12 bit dual ran,; !i
to digital converter. The digital output is then multiplexed with other dipit-  ’ :; i T, _L
tion such as command status, mirror position, PMC frequency and data f.:-, -2 It, i :ri.

cation in a digital multiplexer controlled by the data handling logic.

The SSU contains a dcdc converter to supply secondary power, from the main spacecraft
power bus of +28V to much of the electronics. The power converter provides grnx.ud  i;c:l*~+-~~
for the secondary power.
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18.4.2.6 SSU Calibration and Radiance Processing

Each output ramp from the three signal integrators are sampled eight times. In practice
these ramps are characterized by their (8-l) values (sometimes if the first value is zero
then a resealed  (8-2) is used). Thus a counts value X may be obtained every four
seconds.

A SSU calibration cycle takes place during the first 32 seconds in each major frame
(256 seconds apart). The mirror is stepped to view space then inhibited for 16 seconds,
this is followed by stepping to view the Black Body target for the remaining 16
seconds. Mean values of counts XsP (space) and XBB (Black Body) may then be ob-
tained in subsequent ground processing. Using the house keeping data from the
platinum resistance thermometer the black body radiance is calculated using the
Planck function R = p/(expQ/T  -1) where T is the black body temperature in degrees
Absolute and P and Q are as follows:-

P
Q

Channel 25 Channel 26
3582.093 3576.322

964.00 1 963.483

Channel 27
357 1.982

963.093

Units
MW/(M2  sr cm-‘)
K-lm

The equation for earth view radiance REA is then given by REA = ~XEA + b where
a = (RSp - RBB)/(XSF  - XBB) and b = (XS’, RBB - XBB RSp)/(XSp  - XBB), where
XSP, the ‘true’ space view counts = XSP + AXINH.

During the first  16 seconds of each calibration cycle the Black body platinum ther-
mometer is switched out of circuit and a calibrating resistor is introduced. However
when an Inhibit in Space test is carried out it is found that the space counts for the
calibration cycle differ from those measured during the normal black body and earth
views. Such Inhibit in space tests are carried out at three monthly intervals. The cor-
recting values obtained are referred to a “space offsets” and are applied to the space
counts encountered during normal operation. The values for NOAA 6 and 7 are given
below, as examples: -

NOAA 6
NOAA 7

Values of
Channel 1

+15
+3

for NOAA 6 and NOAA 7
Channel 2 Channel 2 Units

+3 -13 Counts
+o +6 Counts

Prelaunch calibration tests have demonstrated that the linear equation given above is
correct within the instrument specification.
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18.4.2.7 SSU Data

The data system for SSU consists of circuitry to output all of its radiometric
data, essential Memetry,  and general status information to TIP. The SSU shall
use TIP digital-A, digital-B, and subcommutated analog data channels.

18.4.2.7.1 Digital-A-The SSU outputs a full SSU frame of digital-A data every
second (every 10 TIP frames). This SSU frame, which is thirty 16-bit words in
length, outputs at a rate of three words each TIP frame (encompassing six TIP
word lo+ions: 16 and 17, 32 and 33, and 76 and 77). The content of the data
in the SSU frame is shown in Tables 18.4-3 and X3.4-4; the general organization
is shown in Figure 18.4-8 ; and the location within the TIP frame is shown in
Figurs 18.4-9. In general, four digital-A SSU frames are sent to TIP during
each 4-set step interval (going into 40 TIP frames). During this interval all data
are repeated three times. Since the radiometric data consist of eight consecutive
samples of the integrators, the cycle is once per four sec. Each SSU word
requires 12 of the 16 available bit locations, thus resulting in four fill bits in
each word.

18.4.2.7.2 Digit_d-B-_The digital-B or bilevel telemetry consists of single
bit status monitors used essentially for command verification. The sample rate
is exe every 3.2 sec. The SSU digital-B functions are given in Table 18.4-5.

18.4.2.7.3 Subcommutated  Analog .Telemetry-These telemetry channels are
intended for instrument use to monitor critical parameters used for the deter-
mimtion of correct instrument operation and for diagnostic purposes. The SSU
analog functions are given in Table 18.4-6.
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TABLE 18.4-3. DIGITAL-A WORD CONTENT

SSU Format
Location

%
CA3

%
CA6
CA7

2
CA10
CA11
CA12~
CA13
CA14
CA15
CA16
CA17
CA18
CAi9
CA20
CA21
CA22
CA23
CA24
CA25
CA26
CA27
CA28
CA29
CA30

Title

Digital word 1 (see table 2-4)
Digital word 2 (see table 2-4)
Digital word 3 (see table 2-4)
Space port temp.
Earth port temp.
PMC bulkhead temp.
Detector temp. (separate sensor for analog)
Blackbody  temp. (space side)
Blackbody temp. (sun side)
Cell temp. Ch 1
Cell temp. Ch 2
Cell temp. Ch 3
Baseplate temp.
Middle blkd. temp.
Optics baseplate temp.
Signal output Ch 1
Signal output Ch 2
Signal output Ch 3
Thenistor reference
Mirror fine position
Blackbody temp. (Pt)'
PMC amplitude Ch 1
PMC amplitude Ch 2
PMC amplitude Ch 3
AK calibration 5% of full scale
ADC calibration 50% of full scale
ADC calibration 95% of full scale
Signal output Ch 1
Signal output Ch 2
Signal output Ch 3

NOTE

Minor Frame
Number

0, 10. . .310
0
0
1

:

:

:

3
4
4
4

:
5

:

f \A function of

:/ PMC pressure

8

:

;
9, 19. . .319

Minor Frame
Word Number

16-17
32-33
76-77
16-17
32-33
76-77
16-17
32-33
76-77
16-17
32-33
76-77
16-17
32-33
76-77
16-17
32-33
76-77
16-17
32-33
76-77
16-17
32-33
76-77
16-17
32-33
76-77
16-17
32-33
76-77

After the 12th bit has been transmitted, the Dl data line will return to its high or "OFF"
state.

l When looking at space, a fixed resistor is inputted. Switchover is at 16 seconds into__,1L mIz .caliorarion  cycle.
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MINOR
FRAME

0

1

2

3

4

5

6

7

a

9

4 TIP WORDS *

6 17 32 33 76 77

+ FRAME ID - +DISCRETES  - c MDLR FREQ -

+ SP PORT T - +EA PORT T - cPMC BKHDT-

+ DETECT T - 4K BDY T - + BK BDY T -

+ CHl CELL T- bCH2  CELL T- - CH3 CELL T-

+- aASE PLT T* tMDBKHDT- r OPT a PLT T+

+ CHl SIG - +-CH2  SIG - + CH3 SIG -

+ THERM REF - CPOS  CORRECT4 + 38 PRT, T -

+ r.Hl PMC AMP-c +CH2 PMC AMP+ + CH3 PMC AMP+

+ADC 5% - +ADC 50% - + ADC 95% -

+ CHl SIG - cCH2 SIG - + CH3 SIG -
II III III

i :O
; (TIP)

(szs”)
NOTE

Data is not right justified

TIME
(Set)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Figure 18.4-8. SSU Frame Digital-A Data Format
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TABLE 18.4-5. SSU DIGITAL-B TELEMETRY

Digital-B
Channel State

VO. Telemetry Point Name Numbers Logic 1 Logic 0

1 Power ON/OFF 5 6 OFF ON
2 Mirror inhibit ON/OFF 88 ON OFF
3 Calibration AUTO/MANUAL 120 MANUAL AUTO
4 Manual calibration enabled YES/NO 152 YES NO

NOTE

No Digital-B if SSU OFF.

Digital-B reflects instrument command status.

Upon receipt of manual Cal. enable command, channel 152 changes
to logic 1. Return to logic 0 occurs at first MFP following a CSP.

18.4.3 MODES OF OPERATION

18.4.3;1  Prelaunch, Launch, and Off Modes

There is no particular prelaunch mode requirement for this subsystem with
respect to Activation and Evaluation (A&E) as long as whatever configuration is
used is known to A&E personnel. This configuration will generally be determined
by prelaunch test requirements. In the launch mode all subassemblies of the
SSU are to be off, with the mirror in the blackbody look position in order to
lessen the effect of vibration along the launch vector. This is also defined as the
off mode to be used in case of a subsystem failure during operation or in case of
a spacecraft emergency. (This corresponds essentially to the inhibit mode for
other subsystems. ) Prior to launch, the SSU will be exercised according to plan
and verified ready for launch with the successful performance of the system
electrical performance tests. After these tests are completed, the mirror will
be put into the blackbody look position and all subassemblies turned off. (The
same turn-off procedure will be used during orbital operation. )

18.4.3.2 Evaluation and Mission Operation Modes

-/

These comprise the various operating modes of the SSU and are all accessed
from the off mode (described in para 18.4.3.1) in the same manner. The basic
variances within these operating modes will be defined by the use of the calibration
mode and mirror inhibit commands and will be dependent upon evaluation needs.
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18.4.3.3 Inhibit Mode
-

This is essentially a transitional mode which is accessed in changing from one
of the operation modes to an off mode and from off to an operational mode.
(This should not be confused with the definition of inhibit mode for other subsys-
tems. ) In this mode the mirror is stopped at the appropriate time within the
frame prior to turn off or started at the appropriate time after turn on. This time
is generally during major frame 0, minor frame 1’70 to 280, during which the
SSU is in the blackbody look position. However, for special evaluation require-
ments, other positions can be chosen. (Also, inhibit mode can, for special
evaluation requirements, be accessed from an operational mode without contin-
uing to the off mode. )

18.4.3.4 Mode Change Philosophy

The SSU is essentially a simple, flexible subsystem with few critical constraints
on its modes of operation. Most modes can be accessed from any other without
damaging the subsystem. Only the transition times (within a calibration cycle)
need generally be carefully observed
or off. Figure 18.4-10 is a diagram
mode changing.

18.4.4 CONSTRAINTS

18.4.4.1 General

to assure proper pointing when inhibited
illustrating state parameters involved in

The following are general constraints that apply to the ssu:

(a) The detector temperature must be maintained greater than O°C and less
than 40°C at all times.

(b) The baseplate temperature must be maintained greater than O°C and less
than 30’C at all times.

18.4.4.2 Launch and off Mode Operations

The following constraints are to be observed during all launch mode and off mode
operations:

(a) The scan mirror is to be stowed in the blackbody look position.

(b) The SSU power must be off.

(c) The housekeeping telemetry should be on.
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SET CAL

AUTOMATIC MODE
AUTOMATIC I \ CALIBRATION /

I 1 I

TURN MIRROR TURN MIRROR
INHIBIT ON INHISIT ON

DURING FRAMES WRING FRAMES
0110  TO O/l00 01170  TO O/280

-1-- 7

TURN MIRROR
INHIBIT OFF

LAUNCH AND
NORMAL OFF

Figure 18.4-10. Representative SSU State Parameter Diagrhi;l
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18.4.4.3 SSU Activation

During SSU activation and other turn-on operations, the scan mirror should be synchronized as
described in paragraph 13.7.1.

18.4.4.4 Mission Operational and Inhibit Modes

When initiating the evaluation mission operational and inhibit modes, stabilize
detector/PMC  ‘s at control temperature for:

(a) PMC control temperature = 30 f 0.5OC.

(b) Detector control temperatures:

(1) PFl = 25*0.5%

(2) F2 - F8 = 30~ 0.5’C
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18.5.1 FUNCTIONAL DIBJXW‘!IW?R’

The Space Environment Monit&@EM) is a xrtu_!:kW  &zrg&-particle  spectrometer which
senses the flux of charged particlesart  &he sat&I&e &%ude.,  znd t%mr.~  ooxta%butes  to the solnr-
terrestrial energy knowledge. Wr%Gn  %he past d.Wo uY. great &n&x &xave been made in
defining the Sun’s ionized plasma ti &t&% &.e JZartb :4s &mersed.

This solar wiod is important &TZWJXLWZ

l kS pressure conf&tu%s oar ,zxrr&&z $iz?  &~%‘a meio field (the
magnetosphere)

(a) It is a source Isrr’mrtih 9~ ti Xx%“o &-app&!  rradiation  belt!:

(b) It is the prirrany  s-x c&z m&&s %r pzzt%e&a  grecipitatioil
phenomena (rxzxxxza)

(c) It is a majorm of ti or= f%~xr& to ti Ea&h’s atmosphe,  c’
and ionosphere

For these reasons alone, a ch~&parti&  sazn~~  T&Z  w these  par-tide populations ~3 ~-i<+
dynamics is an important part of&he  rniti~~ $n a&&&n,  -tier, ratlxr abrupt and 1tig.l
disruptive changes occur to the solar emis&oz~  ~%ich  Xx&%  r&canxaticaIly  &ange the
instantaneous solar wind properties and aho re~B -in the arr?val of am Wnse flux of high-
energy ( 1 to over 1000 MeV) solar pxc&zrs ;atnd  a@ha tpxrt&les.  Such events can result in
dramatic changes to the magnetosphere  .geom,, lange  changes  in energy inputs to the
ionosphere and atmosphere disturbance cx rbiWkozx%  ofc-tins, ,n<cessive  magnetic
coupling to levels sufficient fcubumout~wr  cim&  brea. + ofpvwer and land-line com;~,
cations systems, and even a radiation do- ?&BY?& ti med h&h-altitude  flight.

For the reasons previously me&&red, YBXLW4’tha9  rrpzz~&ti a SE!k%  x&ich  will sense particle  ’

over a broad range of energies. .The  SEBI ,is inxea%ty  two ?azparate  =sors with a common
Data Processor Unit (DPU) as&own b&:

(a) A Total  Energy D&ix&or  Q’ZX?)  whixzh  *-es zx programmed swept
electrostatic curved-p&e  analyzer to seleot  particle $ype/energy,
and a channeltron  d&et%r .$r~ zzxrse/quantify the i.z&ensity  of the sequc’:  i

tiaIIy selected energy ,cmds. ‘The parti.&z?s of intat2s.t  range from
300 eV to 20 keV.

*The SEM is launched on aItemat&g  SK and 5 not scheduled  fag NQAA H.



(b) A Medium Energy Proton ElectronDetector  (MEPED) which senses
protons, electrons, and ions with aergies from 30 keV to several tens
of MeV. This instrument utilizes s&id-state  nnclear  detectors and
appropriate arrangements of moderating materials to establish the
energy band resolution.

-

18.5.2 SYSTEM DESCRIPTION

18.5.2.1 Introduction

Figure 18.5-l is a functional block diagram of the three moors  md their com-
mon Data Processor Unit (DPU). The location of those m m &!! ATN
spacecraft is shown in Figure 18.5-2. A detailed descr&&&n of each SEM unit
is provided in the following paragraphs.

18.5.2.2  Total Energy Detector

18.5.2.2.1 Introduction-Figure 18.5-3 is the functional block diagram for
TED. The TED consists of four curved-plate analyzers; &~o ele&ron analyzers,
one at 0 deg (the spacecraft-X axis, away from the Ear&),  and Rae at 30 deg to
the -X axis, and a similar pair of positive-ion analyzers (0 deg and 30 deg)
complete the set (see Figures 18.5-4 and 18.5-5 for diagrams). Each analyzer
feeds a spiraltron (which is a member of the electronic multiplier family of
devices called channeltrons), with two spiraltron High-W&age Power Supplies
(HVPS) and a common deflection voltage ramp generat= LKIBJ#Y  completing
the front end. The two 0-deg spiraltron outputs are am!pWG&l and multiplexed
into a common signal analyzer, as are the two 30-deg s@ra.ltron  outputs. TED
data are fed to the DPU, where the required three parades FD (Q), Em, and
(DE)m are computed for each of the four data species @I& E30, PO, and P30).
These 12 data sets are then multiplexed and fed to the’ AT!N $elem&ry. For
definitions of these parameters turn to para 18.5.2.5.

18.5.2.2.2 Performance Requirements-The TED performs the following
functions:

(a) Measures the total directional energy flux of electrons and positive
ions traveling from the anti-Earth direction and st 30 deg to this direc-
tion in the energy range of 0.300 to 20 keV.
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(b) Performs a measurement for each particle species at each angle. It
measures the total energy transported by particles in the energy range,
the energy interval in which the maximum differential flux occurs, and
the value of the maximum flux. In addition, a background measurement
is performed and subset of the differential energy fluxes measured.

(c) Transmits to the DPU random digital pulse trains on four data lines
representing positive ions and electrons at each of the two angles.

(d) Provides an in-flight calibration capability and housekeeping readouts,
to the DPU, which allow real-time verification of performance or cor-
rection of performance parameters.

(e) Provides the capability of responding to ground command to maintain
performance by compensating for aging effects.

Table 18.5-l summarizes these requirements with corresponding resolution and
accuracy ranges.

18.5.2.2.3 TED In-Flight Calibration-The TED In-Flight Calibration (IFC) is performed in
two parts:

(a)

@)

During four 192-set periods, pulse ramps of known form are injected
into the analog electronics; the electrostatic analyzer plates are dis-
abled; and the level discriminators cycled, spending one period at each
level.

For the next 102.4 min, corresponding to approximately one orbit, the
calibration pulses are turned off, the deflection plates operated normally,
and the cycling of the level discriminators continued but with a 2-set
period. Provisions for an override command from the ground for the
termination of the IFC will be provided by the DPU.

The purpose of the initial four 192-set periods is to provide signals of known
form into the analog system for level discriminator settings and for the electron-
ics operation to be verified. The second longer period allows ambient particle
flux to be used as an aid in measuring the gain and pulse height distribution of
the spiraltron to determine if the spiraltron high voltage should be changed.

18 5.2.2.3.1 TED Calibrating Signals-The TED has one calibrating input and receives
calibrating signals in four 192-set periods.
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18.5.2.2.3.2 TED Level Discriminator Modulation-While calibrating signals
are being presented, the DPU will simultaneously cycle the four LD’s through
each of their four levels, spending a 192-set period at each of the four levels
and then cycling to the next level. The beginning of each 192-set period will
be used by the DPU to command the level sensors to their next level. The com-
mands will be delivered sequentially to the four discriminators involved. Level
change will become effective in less than 1 msec.

18.5.2.2.3.3 Data Telemetry Mode-During this time interval, telemetry
data will be presented in mode 1, presenting data from all four sensors for
telemetry to ground. The last 153 msec of the TED 2-set minor frame will
be used by the DPU to command the level sensors to their next level. A change
in level will occur every 2 sec. On ground command, or at the end of 102.4 xnin,
level sensor cycling will halt and the TED will return to normal data mode.

18.5.2.2.3.4 TED IFC Details-Table 18.5-2 indicates the required measure-
ments for the channels during IFC. For definition of channel indicatora, see
para 18.5.2.5.

TABLE 18.5-2. TED IFC DETAILS

Channels for Descriminator Thresholds

O=FD OPFD I 30EFD I 30PFD

ODE1

3ODEl

ODP1

3oDPl

OEm

ODE,

Channels for Limit Check

1

ODE3

3oDE3

ODP3

3oDP3

30Em

ODPm

ODE5

3oDE5

ODP5

3oDP5

Opm

30DEm 1

ODE7

3oDE7

ODP7

3oDP7

30pm

30DPm

OEFD

Channels for Background Check

OPFD 30EFD 30PFD
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18.5 .2 .3 Nedium  Energy Proton Electron Detector

18.5.2.3.1 Introduction-The MEPED is a collection of four directional solid-state detector
telescopes and one omnidirectional sensor. All five MEPED sensors utilize solid-state silicon
nuclear detectors The telescopes are of two types, a two-detector proton telescope and a
one-detector electron telescope. One set of electron and proton telescopes is oriented along
the satellite -X or anti-Earth axis (the O-deg telescopes), and the other pair is at 90 deg to the
-X axis. The amount, type, and position of the telescope moderating materials and the tele-
scope detectors produce a correspondence of the quantity of charge generated by an incident
charged particle to the type and energy of that particle. Each solid-state detector is connected
to its own low-noise charge-sensitive preamplifier. The proton telescope preamps are multi-
plexed to a common proton signal analyzer while the electron telescopes are multiplexed to
a separate electron signal analyzer. Each signal analyzer consists of a group of pulse amplifiers,
level discriminators, and logic that sort each event into the appropriate bin characteristic of
the particle type and energy. The outputs of each bin are pulses of fued amplitude occurring
irregularly in time but in virtual coincidence with the primary particle event, which are fed
to the DPU where they are accumulated, multiplexed, and fed to the spacecraft telemetry.

The omni-detector is a set of three lithium-drifted solid-state detectors mounted
under spherical shell caps of carefully specified and controlled nuclear stopping

- power. The effective field-of-view of each detector is approximately half of a
hemisphere. Like the telescopes, these units are connected, via charge-sensitive
preamps, to a signal analyzer which senses and logically selects those events
which exceed a specific threshold. These (P6 and P8) data are fed to the DPU
to be processed in the same manner as the telescope data. The MEPED teles-
cope designs are similar to sensor flown by NOAA on ITOS and by NASA on SMS
and Apollo, except that they incorporate significant improvements in low-noise
technology, allowing the detection of very low energy particles with good resolu-
tion. The MEPED omni-sensor is the modified dome assembly qualified on the
GOES-B and -C program. Figure 18.5-4 is the MEPED functional block diagram.

On NOAA H and subsequent satellites, the maximum gamma angle was changed from 68 to
80 degrees. This change caused the IMP sunshade to be enlarged which wouid have violated
the MEPED FOV. A deployment mechanism was developed for the MEPED to correct this
problem.

18.5.2.3.2 Performance Requirements-The MEPED performs the following
functions:

(a) Measures the directional proton and electron flux incidental to both
the spacecraft -X and -Z axes. Measures the orn.nidirectiona.l  proton
flux within a conical field of view, half angle 60 deg, whose axis is
along the spacecraft -X direction.
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(b) Transmits to the DPU digital pulses representing the counting rate of
each instrument in the above spectral intervals.

(c) Provides in-flight calibration capability and housekeeping functions
which define the resolution of the instrument.

Table 18.5-3 summarized these requirements with corresponding energy ranges
and resolution/noise range.

18.5.2.3.3 In-flight Calibration-The MEPED IFC consists of three phases of
192 set each. The various ramp amplitudes are specified in Table 18.5-J.
There are two types of parameters determined during the IFC, thresholds foi
15 level sensors and full-width half maximum’s for nine solid-state detectors,
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TABLE 18.5-4. MEPED IFC PARAMETERS

Note: During periods with no IFC, all channels will be limit c~"K,?<\
for background.
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18.5:2.4 Data Processor Unit

18.5.2.4.1 Introduction-The SEM DPU consists of the following functional elements:

(a) Timing and Control

(b) Analog and Digital Multiplexer

(c) Particle Detector Data Processors

(d) A/D Converter

(e) Formatter

(f) Command Processor

(g) Ramp Generator and Calibration Programmer

Figure 18.5-5 is the DPU functional block diagram. Each element will be
discussed in the following paragraphs.
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18.5.2.4.1  .I Timing and Control-The timing and control receives signals
from the spacecraft and uses these signals to generate all the timing signals
necessary within the DPU and the three particle detectors. The following timing
signals are received by the DPU:

(a) l/32 set sync (32 set is a major-data frame period)

(b) 1 set sync

(c) 8.32 kHz

(d) Al Select

Signals (a) and (b) are used to synchronize with the TIP minor frame and major
frame. Signal (c) is used as the basic clock in all the circuits and is also the
rate at which data are being transmitted to TIP. Signal (d) determines the time
in a TIP minor frame of 100 msec when data from DPU are being transmitted.
This signal is received only when TIP wants DPU data.

18.5.2.4.1.2 Analog and Digital Multiplexer-In addition to processing of data
from the sensors, the DPU receives analog and digital housekeeping data from
the particle detectors. The DPU handles these data in two ways:

-
(a) The DPU has 26 analog and 48 digital channels available at sampling

rate of once in 32 sec. It converts each analog word into 8 bits and
inserts the converted data together with the digital data into Digital A
Output to the TIP.

(b) Some of the housekeeping data are being transmitted directly to the
spacecraft, each source is on a separate line.

18.5.2.4.1.3 Particle Detector - Data Processor-Data received from the particle detectors
constitute a series of random pulses. The average rates are measured in a special compression
counter, the 623C. This counter converts on command a 19-bit binary number into an ex-
ponent Y and mantissa X, X and Y having four bits each. The 8-bit number of each source
has a time slot assigned to it in the Frame Format (refer to Table 18.5-5). The MEPED data
are treated in this way.

The data from TED are processed in the following special way (all measure-
ments are made over a 1-set period):
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TABLE 18.5-5b. SEM OUTPUT FORMAT (Cont.Ik

! -

Minor
Frame

29

40

60

69

80

100

109

120

740

149

189

200

229

240

260

267

268

269

280

287

288

300

307

308

309

Anal1

Word

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Housekeeping Subcom

Nomenclature
ai--v--

MEPED SSD Bias Monitor (Electron)

MEPED SSD Bias Monitor (Proton]

MEPED Omni Temperature

Spare

MEPED Electronic Temperature

MEPED Proton Telescope Temperature

Spare

MEPED Electron Telescope Temperature

DPU Temperature Sensor

Spare

Spare

Spare

TED E Channeltron PS Monitor

Spare

TED P Channeltron PS Monito,

DPU + 12V Monitor

TED Low Voltage Ramp Monito?

Spare

Spare

Spare

TED CEAPS Monitor

Spare

Spare

DPU IFC Ramp

Spare

-

18.5-19



(a)

W

w

Background Measuremknt. Background measurement (particle count)
is made over the first 78 msec of the l-set period when the ramp
applied to the channeltron  is at its lowest value.

Total Flux Measurement. Total flux measurement begins when the
background measurement ends, and lasts for 11/13 of the l-set period.
For this measurement, a 5-bit prescaler is used ahead of the 623C
counter. The data rate reaching the counter is enhanced as the ramp
voltage increases. A special procedure is followed when the count
is small (516).

Differential Flux Measurement. For this measurement the 1-see
period is split mto 13 equal intervals. Counts during periods 2, 4, 6,
and 8 are transmitted for each of the four TED sensors. In addition,
the maximum count during one period and the index of the period in
which it occurred is determined.

18.5.2.4.1.4 Data Formatter-The data from particle detectors and the house-
keeping data are formatted into a 320-word *ame as listed in Table 18.5-5.
The major frame contains 16 minor frames. A minor frame contains 20 double
words (16 bits). The data rate to the TIP is 160 bps and is sent only when an
Al-select signal is received.

18.5.2.4.1.5 Command Processor-The DPU receives 12 command lines from the spacecraft.
Eight of these are level command; 0 V for a logic one and 10 V for a logic 0. The four
remaining are pulse commands. The DPU decodes these inputs and performs the following
functions:

(a) Switches the Power ON/OFF to each of two particle detectors.

(b) Establishes Mode 1 or Mode 2 of data transmission.

(c) Starts calibration of Particle Detectors.

(d) Terminates Calibration.

(e) Switches ON/OFF power to the dc-dc converter of DPU.

18.5.2.4.1.6 Ramp Generator and Calibration Programmer-In response to
a received command, the DPU generates a linear ramp and corresponding
timing signals necessary to perform the calibration of each particle detector.
The calibration sequence is self-terminating and may also be terminated on
command.

-
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18.5.2.4.2 Performance Requirements-The SEM DPU performs the following
functions:

(a)

@I

03

03

(e)

(0

18.5.2.5

Accumulate pulse outputs from the TED and MEPED particle detectors and provide
count rate data. .~

Sample analog and digital housekeeping data from the particle detectors
and digitize the analog date to 8 bits.

Format the above data into a serial telemetry data stream to the TIROS
Information Processor PIP).

Provide analog and digital data from particle detectors and DPU
directly to the TIP.

Receive, decode, and execute applicable commands.

Provide a linear ramp and timing signals for the particle detector
in-flight calibrators.

Provide secondary power !Q the particle detectors from a dc-dc
converter.

SEM Data

18.5.2.5 .l Introduction-The output data si&s supplied by the instrument
to the spacecraft fall into the following three categories:

(a) Digital-A Data.

(b) Digital-B Telemetry.

(c) Analog Telemetry.

The specific signals supplied by the SEM are detailed in the following paragraphs.

18.5.2.5.2 Digital-A Data-Digital-A data are clocked into the spacecraft TIP
whenever the llAl’V Data Enable Pulse is presented to the instrument. Details
of the digital-A timing and interface characteristics are presented in para 3.1.8
of the General Instrument Interface Specification doument  (RCA 9IS2280259).
The instrument data are as follows :

(a) Content-The d.ata  are categorized by type (ions, protons, electrons) energy level,
instrument (MEPED, TED), and detector pointing direction within SEM. All
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data are output in the format as listed in Table 18.5-5. The format repeats
every major frame (32 set).

(b) Data Coding-The shorthand notation used to refer to the various data
channels in the SEM telemetry format the symbols P, 0, and I are
used, where:

(1) P = Particle symbol.

(2) 0 = &is of field of View (0 deg, 30 deg or 90 deg).

(3) I = Channel number identifier.

Refer to Table 18.5-6.

(c) SEM Output Format-The SEM data will be transmitted to TIP in the
format as listed in Table 18.5-5. a

(d) Data Conversion- The DPU uses the SMI Type 623 Floating Point
Processor to perform parkicle  flux measurement. The Type 623 is
intended to provide pulse counting, conversion of the binary count to
floating point (logarithmic compression), temporary storage of a com-
pressed number while simultaneously counting a second value, and
serial readout. The processor receives a number of pulses in a pre-
determined time interval up to 491521 (19 bits) and compresses the
received number into 8 bits. The 8 bits resulting from the compression
are located in a shift register ready to be shifted out.

The first four bits of the 8-bit word designated as Y constitute an
exponent and the last four designated as X a mantissa. The conversion
transfer function listing Y and X versus the number of input pulses is
described in the equations below. The SEM output word will be in an
eight bit word format with bit 0 the LSB and bit 7 the MSB. This out-
put word represents a log function which can be converted to counts
by the equation:

counts = (X + 16) x 2 tY+6)  +1

3

where bits 7, 6, 5 and 4 represent the y exponent and bits 3, 2, 1,
and 0 the x mantissa. The exceptions to this relationship are:

l ify=8andx = 15, the total counts will be zero.
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TABLE 18.5-6. DATA CODING

Partlclc Symol

SVaaO1

I

P

2

E

OE

OP LOG

EF

PF

All

OIC

Channel Nunocr Identifier

l-8

m

m

0

SK

TYPC

LOG

LOG

* LOG

LOG

LOG

LOW
Prescaled

L O W
Prescaled

Integer

status  81ts

Function/Source i

Ionr/MPED

Prutons/WED

Positive Ions/TED

El umJns/nBED, rT9
I

Oiff.  Energy *
ED

Dfff. Energy .
TED

Total Direcr .3
n-s/m
Total Oirectinnel  Rux.
P!-UtOllt/TED

Analog/Suecera~c~

olgltallsubcm'd

Channci  Nu&cr
.-i ? -:

i
uld P or E. Indicates an integer nuecr

identifying  the DE ulannel  in whit3  .mx
counts apwared.

!

ulth M or OP. indicates  a log cfutout of
tie total cuunts  in cl18 channel  under

questlon.

Part of the EF. PF to-1  Dimtlonal  i-Iux

idcntlflcr.
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l if y = 9, the total counts will be x + 1.

l if y = 10 to 1’5, the total counts will be determined by the equation:

(x + 16) &Y - 10) + 11
The conversion transfer function listing Y and X versus counts is listed
in Table 18.5-7. I.

18.5.2.5.3 Digital-B Telemetry

18.5.2.5.3.1 General. The digital-B one-bit status telemetry shall be avail-
able at the instrument interface at all times. ‘I;le 3.2-set subcom telemetry
generated by the TIP will sample each digital-B point once every 3.2 sec. Word
8 of the minor frame will be dedicated to the sampling of digital-B telemetry
from all spacecraft components.

18.5.2.5.3.2 Digital-B Telemetry Points. The digital-B telemetry points
provided by the SEM are listed in Table 18.5-8. Allof the SEM digital-B
telemetry points are included in the SEM digital-A data.

18.5.2.5.4 Analog Telemetry

18.5.2.5.4.1, General-The analog telemetry shall be available at the instru-
ment interface at all times. Three different subcoms (32, 16, and 1-see)
generated by the TIP will be used to sample all spacecraft analog telemetry.

18.5.2.5.4.2 Analog Telemetry Points-The analog telemetry points provided
by the SEM are listed in Table 18.5-g. All of the SEM analog telemetry points
are included in the SEM digital-A data.

18.5.3 MODES OF OPERATION

18.5.3.1 Prelaunch and Launch

The SEM will be checked out during launch pad GO/NO GO testing. The SEM
will be verified in the OFF condition for launch.

18.5.3.2 Depressurization Mode

This mode is required to allow the escape of pressure from the electron tele-
scopes. A minimum of 10 days will be required in this mode. The SEM will
be verified in the OFF condition for this mode.

I
-’
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18.5.3.3 Activation Mode

After completion of depressurization,  the SEM will be turned ON. Each instru-
ment will be turned ON sequentially and correct bias voltages will be established.
Each instrument will be commanded into the calibration mode.

18.5.3.4 Calibration Mode

This mode is requ&d  for checking level sensor thresholds in TED and MEPED. The
in-flight calibration system is used as a means of measuring the performance of the
electronic channels.

18.5.3.5 Mission Mode

After the SEM has been activated and the results evaluated, it will be placed in
the Mission Mode for turnover to NOAA. Periodic return to the calibration
mode will be required.

18.5.3.6 SEM Off Mode

The TED and MEPED can be commanded off separately in case of difficulties with the
instrument, or to conserve spacecraft power. The decision for turning off will he
made by the METSAT project office.

18.5.4 CONSTRAINTS

18.5.4.1 Introduction

The various modes of operation have specific requirements (constraints) that
must be complied with prior to initiation of a mode. In addition, once a mode
has been established, additional constraints must be met in order to maintain
a safe condition. Terminating a mode establishes additional constraints. The
following discussions of constraints during the various modes are based primarily
on the requirements as currently defined by the SElM specifications.

18.5.4.2 Prelaunch and Launch

The prelaunch and launch constraints are as follows:

(a) During prelaunch testing, the test connectors’ dummy plugs must be
installed. These test connectors are not used for launch pad testing.
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(b) Prior to spacecraft closeout, TED and MEPED sen,sor  dust covers
must be removed and verified. MEPED covers must be removed
slowly to prevent rupture of the thin foil by pressure difference.

(c) Prior to the launch, the SEM will be turned OFF.

(d) During all modes, temperature operating limits will be observed for MEPEF: &
TED of -15 to +25”C, and DPU -15 to +35”C.

(e) During prelaunch testing the TED Red Inhibit Plug must be insi$“e$

(f.) During launch the TED Green Plug must be installed.

During prelaunch and launch modes, the TED’s temperature will be co~;a-:?li,-?
by the spacecraft Thermal Control Electronics which will turn on at -15’C.
The TCE heater on the MEPED bracket will turn on at -12°C.

18.5.4.3 Depressurization  Mode

Before the SEM can be turned ON, it must have been in the hard space ~acuutu~
for a minimum of 10 days to allow release of entrapped gases from the ‘p:>!s”r*
ments.

18.5.4.4 Activation Mode

The activation mode constraints are as follows:

(a) The depressurization is completed.

(b) The spacecraft checkout is completed.

(c) The SEM temperature and voltage values are within limits.

(d) The low-voltage power supply must be commanded on first, or other cc~.ni it:’ .s
will not be executed.

(e) All high-voltage power supplies control registers must be reset I “6;’
turned ON.

18.5.4.5 Calibration Mode

In Flight Calibration (IFC) for TED and MEPED may be commanded ON simults;~ec;~r~1._
but if one is commanded ON and the other commanded ON without a waiting peric%..jf ;>

-’ least 16 min, erroneous data will result.
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18.5;4.6  Mission Mode

The Mission mode constraints are as follows:

(a) SEM activation and evaluation successfully completed and SEM operating_~
in the Mission Mode configuration.

(b) SEM turnover to NOAA/NESS for operations in the Mission Mode.
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18.6 DATA COLLECTION SYSTEM

18.6.1 FUNCTIONAL DESCRIPTION

18.6.1.1 Introduction

The Data Collection System (DCS) is one of the environmental moniWring csystems
to be flown on the BIROS-N series of spacecraft. The DCS will assist ND/LA t;7
its overall environmental mission and in support of the Global Atmosphpl-ic
Research (GARP) Program. It is planned to have 2000 environmental platforms
located around the Earth to measure such environmental factors as tempzratire,
prebdure,  and currents. Some of these platforms will be immersed in a moviw
fluid, such as the ocean and the atmosphere. These moving platforms, buoys
and ba;lloons,  will provide additional environmental information on velociQ and.
direction of the ocean and wind currents.

The DCS will receive information from these fixed and moving environme&?  I
platforms and will process and transfer the data for storage by the spacecraft
tape recorders. These stored data will be transmitted to a TIROS-N groun2  F’ -:’
tion during station contact. The ground station will record and transmit l.h~ x U’
da& to the French Centre National D’Etudes Spatiales (CNES). CNES is th -:
responsible manufacturing system engineering and data distribution agency %r
the DCS.

18.6,2 SYSTEM DESCRIPTION

18.6.2.1 General

The DCS is comprised of three units: (1) the receiver and search unit, (2) i::-
signal processor unit, and (3) the power and command unit. The DCS blob
diagram is shown in Figure 18.6-1. The platforms transmit data to the DCS 1
a carrier frequency of 401.650 MHz, digital bilevel format at 400 bps. The
DCS demodulates this signal and determines the intermediate frequency a& L i.
ative time of each transmission. These data are processed, formatted, pjid t$‘x 1~’
ferred to TlROS-N  Information Processor (TIP). The following paragrapf:  :
describe how the processing occurs in each of the DCS units.

18.6.2.1.1 Receiver and Search Unit-The receiver and search units are redundant and
switchable on ground command. The characteristics of the input signal to the rec:.rvF
are shown in Table 18.6-l. The receiver linearly converts the incoming signal by IF _I !i,
of two translations to an intermediate frequency which is applied to the input of ik
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search unit and to the Data Recovery Units. The Receiver Functional Block Diagram
is shown by Figure 18.6-2. The search unit is basically a spectrum analyzer which
simultaneously sweeps four channels each 6 kHz wide spaced so as to cover the
operating frequency range. A fifth channel detects a very stable calibrating signal that
was injected at the receiver’s front end and compares it with a reference voltage. Any
change in the signal voltage level provides an error gain control signal for the IF amplifiers
in the receiver. Figure 18.6-3 shows the functional block diagram of the Search Unit.

TABLE 18.6-l. INPUT SIGNAL CHARACTERISTICS

Frequency 401.650 MHz
0 frequency range *12 kHz
l doppler <80 Hz/s

Level
l dynamic range
0 minimum signal to noise ratio

-128 dBm to 109 dBm
19 dB
43 dB-Hz

Modulation - B@L
l bit frequency
0 s t ab i l i t y
l modulation index

4oo-%5  Hz<lo
1.1 f 0.1 rd

Message construction:

160 ms 111111111111111 00010111 1 24 bits n x 32 bits

c1.w. i B . S . I F.S. ’ 1 IDENT.  ’ ;e;;,‘r2dafa8

18.6 .2 .1 .2 Control Unit (Cur-The  control unit sequentially scans the four SU
channels. It makes a binary estimate of both the signal level and frequency.
These two digital words are stored in the CU and are used for the assignment
of a Data Recovery Unit (DRU) to a particular receiver output signal.

18.6.2.1.3 Data Recovery Unit (DRU)-The  Data Recovery Unit is comprised of three
sections: (1) phase-locked loop, (2) bit synchronizer, and (3) Doppler counter and formatter.
The four DRU’s  perform the following signal functions: acquisition of the carrier, signal de-
modulation, bit synchronization, frame synchronization, Doppler counting, decommutation,
and formatting of the data. Figure 18.6-4 shows the DCS Data Output Format.
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- 18.6.2.1.4 Telemetry Encoder and Memory-The telemetry encoder interro-
gates the buffer in the DRU’s. When the buffer is full, the encoder sends a corn-
mand  to shift the 24 bits into memory. When the data transfer signal from TIP
is received by the encoder, it will transfer the data out of memory to TIP.
Figure 18.6-S shows the functional block diagram of the Telemetry Encoder and
Memory.

18.6.2.1.5 Power and Command Unit-Power for the DCS is supplied by the
spacecraft +28 V main power bus. This voltage is converted by the power unit
to four levels; +5.0, +12, -12, and -15 V. Regulation and current limitation is
provided for each of these DCS’s  buses. The command unit consists of seven
relays which perform the ON/OFF functions for the DCS. The CIU sends pulse
commands which control these relays. The comman d unit sends back to TIP 14
status bits and six analogs.

18.6.2.2 DCS Data

18.6.2.2.1 General-The output data from DCS are of three types: digital-A
data, digital-B, and Analog telemetry.

18.6.2.2.2 Digital-A Data-The digital-A data are clocked into the spacecraft TIP
- whenever the A-data enable pulse is received by the DCS encoder. The digital-A output

of the DCS consists of twelve 8-bit TIP words per minor frame. One DCS word con-
sists of 20 bits of data plus 4 ID bits. Thus, 24-bit words are stored in the DCS for
readout of 3 TIP 8-bit words. For a full 32 sensor platform message, 51 TIP words are
utiiized.  Figure 18.64 shows the DCS data output format.

18.6.2.2.3 Digital-B-There are 10 bilevel digital-B status points that are
sampled by the 3.2-set subcom of the TIP. Minor frame word 8 is used for
providing the DCS digital-B status. Table 18.6-2 lists the DCS digital-B telem-
etry points.

18.6.2.2.4 Analog Telemetry-The DCS analog telemetry will be available at
the DCWTIP  interface. The DCS analog telemetry will be clocked into the TIP
telemetry 32-set subcom word 9. The DCS Analog Telemetry Chart is shown
by Table 18.6-3.

18.6.3 MODES OF OPERATION

18.6.3.1 Prelaunch and Launch

This mode establishes the GO/NO GO condition of the DCS. Successful com-
pletion of final flight tests for launch is required. The DCS will be in the OFF-
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--
mode for launch. Temperatures will be maintained within limits during the
launch phase by the spacecraft thermal control electronics.

18.6.3.2 Spacecraft Activation Mode

The DCS will remain in the OFF mode until the spacecraft
activated and evaluated. It is planned that the DCS will be
mately  three weeks after orbit insertion.

systems have been
turned ‘ON approxi-

18.6.3.3 Activation

This mode is the sequential turn ON and evaluation of the DCE. The sequence
of events required to establish this mode are contained in para 18.6.5.

18.6.3.4 Mission Mode

This mission mode is started after the DCS has successfully completed the
activation mode. This is the mode that the DCS will remain in during its
operational life.

18.6.3.5 DCS OFF Mode
-

This is the sequential turn OFF mode for the DCS. This mode will not be estab-
lished unless major difficulties occur with the DCS or spacecraft. Before turn
OFF or the reduction of any DCS capabilities, the DCS Project Office concurrenct.:
must be obtained.

18.6.4 CONSTRAINTS

18.6.4.1 General

The various modes of operation have specific requirements (constraints) that
must be complied with prior to the initiation of a mode. Once a mode has been
established, additional constraints are required in order to maintain a safe mode.
The termination of a mode also has specific constraints that must be met. The
following constraints discussion is basekl primarily on the requirements as
defined by the DCS specifications.

18.6.4.2 Prelaunch and Launch Mode

The prelaunch and launch mode is as follows:

(a) Dust covers removed.
-
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(bj Successful completion of GO/NO GO Tests.

(c) DCS in OFF mode for launch.

(d) Launch Temperature.

18.6.4.3 Activation Mode

The activation mode is as follows:

(4

@I

(cl

(4

Minimum allowable time between DCS commands is 1 sec.

Prior t0 turn ON, DCS temperature must be stable b&veen +lO°C to
+30°c.

A 120-min  warm-up period after the DCS is commanded ON (DCS converter
A/B ON) is required before the DRU’s can be turned ON. Not more than two
DRU’s  should be turned ON before warm-up is complete.

DCS temperature limits during all modes of powered operations are
-5Oc to +45Oc.

18.6.4.4 Mission Mdde

The mission mode is as follows:

(a) Activation mode has been successfully completed.

(b) DCS has been evaluated and is acceptable for turnover of responsibility
to NOAA/NESS.
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18.7 SARSAT INSTRUMENT PACKAGE

18.7.1 I N T R O D U C T I O N  -

General aviation aircraft are required to carry Emergency Locator Transmitters (ELTs),
which are triggered by the impact of a crash and broadcast a signal at 121.5 and 243 1LlHa.
These transmissions can be heard as sirenlike sounds on aircraft receivers of aircraft which
may be overflying the transmitter. In addition, certain large ships are also requir-ed  L(% carry
121.5 MHz Emergency Position Indicating Radio Beacons (EPIRBs) which also transnit the
sirenlike sound. Some oceangoing vessels voluntarily carry the EfiRBs.

It has been recognized for many years that receipt of ground transmission; by o\-erfly a~
satellites includes a Doppler shift of the transmitted frequency due to the velocity of the
satellite relative to the transmitter. This Doppler shift information can be used to locate the
transmitter. The Search and Rescue (SAR) Instrument Package first flown on NOA 4-E and
subsequent NOAA satellites carries a repeater for receiving and rebroadcasting the S;‘l  .a and
243 MHz signals to a ground station where they can be detected and located by measuring
their Doppler shift. However, these ELTs  and EPIRBs were conceived prior to the  satellite
system and lack specifications which assure reliable detection through the satellite, Additiona\
ly, the SAR system is only functional when the spacecraft is within 1300 miles of .:j %, .~ur:f  “.t;T
tion. Even so, by the launch of NOAA-H, over 1000 people have been saved 3:: ~A.L~  forces
making use of satellite-derived .&rts and locations.

A 406 MHz SAR system has been designed specifically to work with the s&ellf ; _ Tk ;
NOAA satellite SAR Instrument Package carries a 406 MHz processor which rece-i  . ..L-$ taa~~cn,~~
sions from 406 MHz ELTs  arZl EPIRBs, recovers their digital message, measures the Dok 1~1~‘.
shift, and both stores the data for later transmission and also transmits it in real time, :,“A
receiver/transmitter for the 406 MHz band is also included in the repeater for expOririL  +; iI
purposes.) This new system utilizes distress transmitters (ELTs  and EPIRBs) desi : + *‘: tve
compatible with the satellite and the system provides full global coverage. The 406 MHz
system was demonstrated and evaluated and declared ready for operational use Ly- t‘lr time cf
the NOAA-H launch. Beginning with NOAA-H, the 406 MHz processor began utii , iig a
solid state memory for storage of the global data. Prior to NOAA-H, the procecsc  . *ised th;
spacecraft tape recorder for global storage.

18.7.2 GENERAL

The SARSAT Instrument ‘Package consists of antennas/diplexer/filters.  i r.‘_  ,.(;
package, and a processor package as shown in Figure 18.7-l.

l SARSAT Antennas

SRA receive antennas

121.5/243 MHz
406 MHz

- UDA receive antenna
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401.65/406.025  MHz

SLA transmitter antenna

1544.5 MHz

l Search and Rescue Repeater (SARR)

l SARP (Prior to NOAA-H) and SARP-M for NOAA-H and thereafter

The antennas/filters/diplexers  and the SARR operate similarly on all models of NOAA
spacecraft. The SARP and SARP-M provide different outputs, however. The SARP which is
flown on spacecraft prior to NOAA-H provides a 2.4 kbps real-time data stream to the SARR
for multiplexing into the 1544.5 MHz downlink  transmitter, and stored data to the spacecraft
tape recorder through the Manipulated Information Rate Processor (MIRP). The SARP-M
which is flown on spacecraft NOAA-H and thereafter provides the stored data interleaved with
the real-time data in the 2.4 kbps data stream sent through the 1544.5 MHz downlink
transmitter.

The output of the SARSAT Instrument Package is four-frequency multiplexed signals
on the 1544.5 MHz downlink  transmitter:

(a) 2.4 kbps data

(b) 121.5 MHz band translated

(c) 243 MHz band translated

(d) 406 MHz band translated

In addition, prior to NOAA-H, the instrument package had the additional output of
stored 406 MHz data through the MIRP. These data were also stored on spacecraft tape
recorders. With NOAA-H and later satellites, the SARR instrument will output SARP-M data
and data stored in the SARP memory.

The SARP-M 2.4 kbps data output consists of a Doppler frequency measurement, ap-
propriately time-tagged and includes the SAR data message from the ELT/EPIRB.

For the regional coverage mode, 2.4 kbps real-time data are transmitted
SAR Repeater downlink. Global area coverage is provided by storing global
406 Processor memory; these data are also transmitted to a Lut via the SAR
downlink, but only during times when there is no regional coverage 2.4 kbps
transmitted.

to a Lut via the
2.4 kbps data in a
Repeater
data to be
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18.7.3 SYSTEM DESCRIPTION

18.7.3.1 G e n e r a l

The orbiting SARSAT Instrument Package receives signals from ground-based
ELTs/EPIRBs  and returns them in both raw form and preprocessed form (406 MHz Ex-
perimental Units only) to one or more ground stations. Figure 18.7-1 shows the SARSAT In-
strument Package which consists of three elements:

(a) SARSAT Antennas

(b) SAR -Repeater (SARR)

(c) SAR Processor (SARP-M)

18.7.4 SARSAT ANTENNAS

Figure 18.7-2 illustrates the antenna subsystem which consists of the:

(a) Search and Rescue Receiving Antenna (SRA)

(b) Data Collection System (DCWUDA) Antennas

(c) L-band Transmitter Antenna (SLA)

18.7.4.1 SARSAT Receive Antennas

The SRA antenna feeding the SARR consists of two coaxial quadrifilar designs. The
outer quadrifilar operates at two frequencies, 121.5 MHz and 243.0 MHz. The inner
quadrifiiar operates at 406.05 MHz. The DCS/UDA  antenna is a quadrifilar design and
operates at 406.025 MHz for SARP/SARP-M  and 401.650 MHz for the Data Collection
System.

The SRA antennas are mounted on a boom which is deployed clear of the other
spacecraft instruments, antennas, and solar array. There are four receive antenna ports for
the SARSAT instruments, three for the SARR, and one for the SARP.

The 243 MHz and 406 MHz for both SRA and UDA receiving antenna patterns are
shaped partially to compensate for increased signal path losses for ELTs  at increasing distances
from the subsatellite point. Table 18.7-1 lists the antenna parameters.

18.7.4.2 Transmitter Antenna

The L-band transmitter antenna is a small 1544.5 transmitter quadrifilar helix located on
the Earth-facing side of the spacecraft which has single lobe pattern for full Earth coverage.
There is one transmit antenna port for connection to
Table 18.7-2 lists the antenna parameters.

18.7-4

the L-band transmitter of the SARR.



SIA
1544.5

Figure 18.7-2. Antenna System Block Diagram
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TabIe 18.7-I
SARSAT Receive Antennas Parameters

Parameters

Operation Frequencies

Values

SRA Antenna - 121.51, 243.0, 406.05 MHz

DCS/UDA Antenna - 406.025 MHz

Minimum 1 dB Bandwidth SRA. Antenna - 40 KHz at 121.5 MHz
60 KHz at 243.0 MHz

100 KHz at 406.05 MHz

DCS/UDA Antenna - 40 KHz at 406.025 MHz

Spacecraft Emission
Limits

VSWR

isolation

Polarization

Axial Ratio and Gain
Patterns

Max Signal 121.5 MHz 243.MHz 406.05 MHz
Level (dBm) Band Band Band

-100 118.500-120.000 237.000-242.000 396401.000
-125 120.000-121.450 242.000-242.925 401.000-405.900
-145 121.450-121.485 242.925-242.975 405.900-406.000
-150 121.485-121.515  242.975-243.025_ 406.000-406.100
-145 121.515-121.550 243.025-243.075 406.100-406.200
-125 121.550-123.000  243.075-246.000 406.200411 .ooo
-100 123.OtX-124.500  246.000-249.000 411.ooO-416.000

Less than 1.6:l

Greater than 20 dB at all frequencies.

Right-hand circular

Contained in SARSAT Document No. D-l, SARSAT Spacecraft Antenna
Specifications for 121.5 MHz, 243.0 MHz, 406.01 MHz, 406.05 MHz,
1544.5 MHz, Nov. 1979.

18.75 SAR REPEATER SUBSYSTEM

As shown in Figure 18.7-1, the SAR Repeater (SARR) subsystem receives the ELT/EPIRB
signals on a 121.5, 243.0, and 406.05 MHz, downconverts to selected intermediate frequencies,
remodulates this data, and retransmits on 1544.5 MHz (repeater data mode). The baseline
concept is that each receiver is a dual conversion unit with AGC which converts the received
bandwidth down to a frequency range between 35 kHz and 310 kHz. These bands are then
summed with 2.4 K-bit data from the SAR 406 MHz processor and phase modulated on the
1544.5 MHz downlink  carrier frequency. The modulation level of each band is independently

-
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Table 18.7-2
SARSAT Transmit Antenna Parameters

Parameters

Operation Frequency

Bandwidth

Power Handling

VSWR

Polarization

Axial Ratio

Gain Patterns

Values
- -  _----

1544.5 MHz

&l MHz

10 Watts

1:5:1

Left-Hand Circular

4.5 dB in Coverage Region

Contained in SARSAT Document No. D-l, SARSHI’
Spacecraft Antenna Specifications for 121.5 MHz, X;.U
MHz, 406.01 MHz, 406.05 MHz, 1544.5 MHz,
Nov. 1979.

1-_ -. - -

adjustable to account for any long-term changes either in the operational procedure,  ..,: 5.1”
system noise environment. The system block diagram with commands and telemet~?  la +
shown in Figure 18.7-3.

l SARR Input Parameters - Table 18.7-3 lists the Input Parameters.

l SARR Output Parameters - Table 18.7-4 lists the Output Parameters.

l SARR Transmission impairment Limits - Table 18.7-5 lists the Transmission.  :“11
pairment Limits.

l SARR In-Orbit Adjustments - To optimize the system after initial on-orbit ~G!:I b
capability to adjust the power level of each converted frequency band prion ‘iJ
modulation on the downlink  is provided. The nominal modulation indices T’or  th,
four SARR channels are 0.232 radians rms, 0.464, 0.464, and 0.232 for the 2 ,:
kHzs, 121.5 MHz, 243 MHz, and 406 MHz channels, respectively. The composite
modulation index is 0.734 radians rms.

Each channel includes a commandable attenuator that allows the modulation index PO be
varied independently, subject to the constraint that the composite rms modulation index r ; ,!I
not exceed 0.74 radians.
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The 2.4 kHz channel is controllable in 5 dB steps, tbr 12J.i5,  243, and 406
are controllable in 1 dB steps.

-
18.7.5.1 Commands

For “Level” commands, the “On,” “True,” or “Low” level output from the CXU is a
logic “1” of zero-volt level. The “Off,” “False, ” or “High” level output is a Logic ““0” or
+ lo-volt  level for CMOS logic.

MHz channels

The SARR requires 14 pulse discrete and 16 Jevel  disarm commands (EFG);  X+pulse,  I&
level discrete (HIJ).

All commands will be implemented &g the CIU Aunex  (CXU). The duration of G:&
pulse will be 60 + 5 milliseconds.

Table 18.7-3
SARR Input Paramet~s

Parameters

Frequency 121.5, 243, 406.05 MHz

Bandwidth 25 KHz - 121.5 MHz

46 KHz - 2<43  MHz
80 KHZ - m.05 MHZ

-179 WI -137 dBw  - 121.5 MHz
-182 &I -149 dBw - 243 MHz
-165 to -137 dBw  - 406.05 MHz

Signal Strength

Automatic Level Control

Transient Recovery Time

Processed Data

Values
__-_--__~- -.-- -

1

25 ms Attach
75 ms Decay

2 ms after removal of -60 dBw input signa:  st a x “-req F‘G b :

Retransmission of SARP-M data bit stream :jf 2-q .;bJ,s,
Coded B$L

(SARP-M on NOAA-H and beyond is interieavt,,l  I‘ -ai :IM
and stored data. Prior to NOAA-H, only real=tijne  ~~at#a ~a-

I
:

transmitted through the SARR.) I
__ I ,- .; ---
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Table 18.7-4
SARR Output Parameters

Parameters

Frequency

Frequency Stability

Values

1544.5 MHz

Long Term & 1 part of 106
Short Term & 1 part in lo9 in 10 minutes

R.F. Power 8 watts minimum
10 watts maximum

Modulation Index 0.7 rad rrns
2.0 rad peak
Peak to rms ratio <15 dB

Harmonics

Phase Jitter

RF Power Output (rms) Variation

50 dB below carrier power

Less than IO” rms at SO Hz bandwidth

-+ 5% for any combination of input signals or
any type of input signal

The SARR wili survive any sequence of commands in any combination and rate. Normal
test sequences will avoid switching of coaxial relay switches when the switch inputs are
powered.

Further details on the functions of each command are given in Figure 18.7-3 and Table
18.7-6 and in the following paragraphs.

18.7.5.1.1 SARR Level Control A Bit 0, Bit 1, Bit 2, Bit 3, and Bit 4
These five level discretes  together define the level of the data from the three “A”

receivers and the SARP data received from the MIRP by the “A” PTC. They shall operate
together with Bits 5 and 6 which define one of the four data sources to which Bits O-4 apply,
and with the “SARR Execute Level Control A” pulse discrete which commands the SARR to
decode Bits O-6 and assume the commanded state.

The meaning of Bits O-4 shall be different for the different data sources as follows:

(a) 121.5 MHz receiver and 243 MHz receiver. Bits O-3 shall form a binary number
defining attenuation in decibels. Bit 0 shall be the most significant bit (MSB) with
weight 8 dB; Bit 3 shall be the least significant bit (LSB) with weight 1 dB. Bit 4
shall provide receiver baseband signal output cutoff capability: when Bit 4 equals 1
the receiver shall pass the signal with the attenuation defined by Bits O-3; when Bit 4
equals 0 the receiver shall disconnect the signal from the transmitter.

-

-
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Table 18.7-5
SARR Transmission Impairment Limits

‘-

--

Parameters _

Additive Noise Temperature
Due to Spacecraft as
Measured on NOAA-E

Linearity

Gain Variation

Group Delay Slope

SARR Transmit Frequency Variation

Image Rejection

Spurious Response

_-
Values

I

_- -~ -__.i
Frequency Noise

121.5 MHz 150 K
243 MHz 700 K

406.05 MHz 300 K

Less than -170  dBW for intermcz!uiz.~lor~ :
products produced for two equal test iones  oi j
-90 dBW

+ 1 dB within each frequency band

50 &KHz over 1 KHz band for 121.5 ia/fHa
25 &KHz over 2 KHz band for 243 Y/liHz

1

13 &KHz over 2 KHz band for 406 M Hz

Less than 1 part in IO9 in any 10 mrnut~
period. Not more than 1 part in 10” uvel  iliz
of SARR -

RF - greater than 120 dB
IF - greater than 80 dB

In band wideband  spurious noise .. xi;
additive noise

I

Discrete spurious - less than -176  dBW  2~
receiver input

j
I

1..-.. _ _’

(b) 406.05 MHz receiver. Bit O-3 shall have the same meaning as in the 1’1 S/9 i-iz
and 243 MHz receivers. Bit 4 shall be meaningless.

(c) SARP data. Bits 0 and 1 shall define the attenuation setting in the PTC wcn-din:

to the code below. Bits 2-4 shall be meaningless.

,I ,

Bit 0 Bit 1 Attenuation, dB
WJ) (EFG) :

0 0 0 0 /I
0 1 10 10 /

1 0 5 20 ,

1 1 15 30 /
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Table 18.7-6
Spacecraft - SARR Command Interface

Number Command Name T-e

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15
16
17

18
19

20

21

22

23

SARR Level Control
A Bit 0
SARR Level Control
A Bit 1
SARR Level Control
A Bit 2
SARR Level Control
A Bit 3
SARR Level Control
A-Bit 4
SARR Bus A Destination
Bit 5
SARR Bus A Destination
Bit 6
SARR Level Control
B Bit 0
SARR Level Control
B Bit 1
SARR Level Control
B Bit 2
SARR Level Control
B Bit 3
SARR Level Control
B Bit 4
SARR Bus B Destination
Bit 5
SARR Bus Destination
Bit 6
SARR AGC Disable/Enable A
SARR AGC Disable/Enable B
SARR TX A On - TX

B Off
SARR TX B On - TX A Off
SARR Conv. A On - Conv. B
Off
SARR Conv. B On - Conv. A
Off
SARR 121/243  A On -
121/243  B Off
SARR 1211243 B On -
121/243  A Off
SARR 406 A On - 406 B Off

Level

Pulse

Pulse

-
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i-able 18.7-6
Spaceciaft - SARR Command Interface (Continued)

I Number I Command Name

24 SARR 406 B On - 406 A Off
25 SARR Execute Leve! Control A
26 SARR Execute Level Control B
27 SARR P-K A & TX A Off
28 SARR P-K B & TX B Off
29 SARR 406 A Off
30 SARR 406 B Off
31 SARR TXA Enable (HIJ only)
32 SARR TXB Enable (HIJ only)

Type

The SARR shall not respond to changes in these level discretes. Rather, it shall respond
to their state of the time it receives the pulse discrete command “SARR Execute Level Control
A.” The command receiving circuit is shown in Figure X.

18.7.5.1.2 SARR Bus A Destination Bit 5 and Bit 6 .
These two level discretes together shall define the destination of the level control com-

mands defined by Bits O-4 and the destination of the AGC disable command as shown below.

Bit 5 1 Bit 6 1 Destination

0 0 121.5 MHz “A” receiver
0 1 243 MHz “A” receiver
1 0 406.05 MHz “A” receiver
1 1 SARP data attenuators in the “A” PTC

The SARR shall not respond to changes in these level discretes. Rather, it shall respond to
their state at the time it receives the pulse discrete command, “SARR Execute Level Control
A."

18.7.5.1.3 SARR Level Control B Bit 0, Bit 1, Bit 2, Bit 3, and Bit 4
The description in 18.7.5.1.1 shall apply, substituting “B” for “A.”

18.7.5.1.4 SARR Bus B Destination Bit 5 and Bit 6
The description in 18.7.5.1.1 shall apply, substituting “B” for “A.”

18.7.5.1.5 SARR AGC Disable/Enable A
The “0” state of this level discrete shall select fixed gain mode for the receiver designated

by Bus A Destination Bits 5 and 6. The “1” state shall select AGC mode for that receiver.
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The SARR shah ignore the state of this discrete if Bus A Destination Bits 5 and 6 are both
“ 1.” The SARR shall not respond to changes in this level  discrete. Rather, it shah respond
to the state of the discrete at the time the SARR receives the pulse discrete command “SARR
Execute Level Control A.”

_ -

18.7.5.1.6 SARR AGC Disable/Enable B
The description in the previous paragraph shah apply, substituting “B” for “A.”

.~

18.7.5.1.7 SARR TX A On - TX B Off
This command shah cause the SARR to connect the + 28 Volt Main Bus to the power in-

put of the “A” transmitter and shah connect the rf output of that transmitter to the SLA.
This command shall also cause the SARR to disconnect the +28 Volt Main Bus from the
power input of the “B” transmitter. This command shall have no effect on the dc/dc con-
verter residing in either PTC, and shall have no effect on any receiver.

18.7.5.1.8 SARR TX B On - TX A Off
The description in the previous paragraph shall apply, substituting “B” for “A.”

18.7.5.1.9 SARR Converter A On - Converter B Off
This command shall cause the SARR to connect the + 28 Volt Main Bus to the power in-

put of the dc/dc converter residing in the “A” PTC and to disconnect the +28 Volt Main Bus
from the power input to the dc/dc converter residing in the “B” PTC. This command shall
have no effect on the power status of either transmitter or on the state of any rf switch. The
result of this command shall be to make secondary power available to the power inputs of the
“A” receivers. However, other commands defined below shall determine whether or not those
power inputs connect to the output of the dc/dc  converter.

_

18.7.5.1.10 SARR Converter B OR - Converter A Off
The description in the previous paragraph shall apply, substituting “B” for “A.”

18.7.5.1.11 SARR 121/243 A On - 121/243  B Off
This command shall cause the SARR to connect the power input to the “A” 121/243

MHz receivers to the power output from the dc/dc converter residing in the “A” PTC. It
shall also cause the SARR to connect the rf input to the “A” 121.5 MHz receiver to the
SARR 121.5 MHz bandpass  filter and thence to RFF-10/16”)  and the 121.5 MHz port of the
SRA; it shall cause the SARR to connect the rf input to the “A” 243 MHz receiver to the
SARR 243 MHz bandpass  filter and thence to RFF-9/15(l)  and the 243 MHz port of the SRA.
The SARR shall disconnect the power input to the “B” 121/243  MHz receivers from the
power output from the dc/dc converter residing in the “B” PTC. It shall disconnect the rf in-
puts of the “B” 121.5 MHz and 243 MHz receivers from the rf paths defined above. This
command shall have no effect on the power On/Off status of the dc/dc  converter residing in
either PTC. It shall have no effect on the power status or rf connection of either transmitter.

(‘) 9, 10 (EFG); 15, 16 (HIJ)
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18.7.5.1.12 SARR 1211243 B On - 121/243  A Off
The description in the previous paragraph shall apply, substituting ‘“B” for “A.”

18.7.5.1.13 SARR 406 A OR - 406 B Off
This command shall cause the SARR to connect the power input to the “A” 406.05 h4Hz

receiver to the power output from the dc/dc  converter residing in the “A” PTC. It &till  also
cause the SARR to connect the rf input to the “A” 406.05 MHz receiver to the SARR 4X.0.5
MHz bandpass filter and thence to RFF-8 and the 406.05 MHz port of the SRA.

The SARR shall disconnect the power input to the “B” -406.05 MHz (1) receiver r’rom  the
power output from the dc/dc converter residing in the “B” PTC. It shall disconnect the rf in-
put of the “B” 406.05 MHz receiver from the rf path defined above. This ccrnmand  s.-~a~i
have no effect on the power On/Off status of the dc/dc converter residing in either PTC. It
shall have no effect on the power status or rf connection of either transmitter.

18.7.5.1.14 SARR 406 B On - 406 A Off
The description in the previous paragraph shall apply, substituting ‘.‘B”  for ‘“A.‘”

18.7.5.1.15 SARR Execute Level Control A
This pulse discrete shall cause the SARR to execute the commands defined 4y ,hc curr~~

state of all the “A” side level discretes,  including level setting and AGC enable;Jisatle. Fh::
SARR shall execute this command independent of its mode status, so long as the +28 Volt
Main Bus and the + 10 Volt Interface Bus are present. Execution shall take the “arm ‘!f :?YI~.
ing a set of latching relays in the PTC and the selected receiver. This command sh;:l hav 110
effect on the “B” PTC or any “B” receiver. It shall have no effect on the power  f?/OfL
status or rf signal routing of any unit.

18.7.5.1.16 SARR Execute Level Control B
The description in the previous paragraph shall apply, substituting “B” fol A.. *_

18.7.5.1.17 SARR PTC A and TX A Off
This command shall cause the SARR to disconnect the power input to the dc:‘dc. ! \!‘.t’i~  i

residing in the “A” PTC and the “A” transmitter from the + 28 Volt Main Br Y. . , i
have no effect on any “B” unit or rf signal routing of any unit. It shall ha-‘.,:  .( :i’el ” Y. .- 1~
connections between the power output of either dc/dc converter and the pnwe inc,a *a c.~;‘+
receiver.

18.7.5.1.18 SARR PTC B and TX B Off
The description in the previous paragraph shall apply, substituting “B” cc? “.A ‘?

18.7.5.1.19 SARR 406 A Off
This command shall cause the SARR to disconnect the power input to the “A ’ 406.0.;

MHz receiver from the power output from the dc/dc converter residing in the “A” PTC,
This command shall have no effect on the On/Off power status of any other uijil. !.t :._i;:ll
have no effect on the rf signal routing of any unit.

18.7.5.1.20 SARR 406 B Off
The description in the previous paragraph shall apply, substituting “B” i’r: ’ .-i ”
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18.7.5.1.21 SARR Modes
The SARR command structure shall prevent all redundant units listed in Table 1 from be-

ing powered at once. The command structure shall assure that at most one member of each
redundant pair of units is powered.

The command and signal routing structure shall allow cross-strapping of the “A”
receivers with the “B” transmitter and the “B” receivers (1) with the “A” transmitter. It
shall disallow a mixed set of receivers from “A” and “B.” It shall disallow cross-strapping of
the SARP data. It shall allow any of the three following units to be powered on or off in-
dependent of the power On/Off status of the other two:

l Either transmitter

l Either 406.05 MHz receiver

l The unit comprising the 121.5 MHz receiver and the 243 MHz receiver with the
same letter designation as the 406.05 MHz receiver above.

Table 18.7-7 lists all On/Off power modes of all SARR units, the commands necessary to
achieve the modes, and the effects those commands have on other units.

18.7.5.1.22 SARR Commands When the Spacecraft Enters Safe-State Mode
When the spacecraft Command and Control Subsystem senses certain anomalous condi-

tions, it issues a-set of commands to the other spacecraft subsystems. The composite mode
status that results from those commands is defined as Safe-State Mode. Safe-State Mode in
general includes commanding spacecraft mechanical assemblies and latching relays to predeter-
mined states, and then commanding most spacecraft components into low-power or OFF
modes. The commands to SARR associated with entering Safe-Stte Mode will be as follows:

All SARR level discrete commands as defined in 18.7.5.1.1 through 18.7.5.1.6 will be set
to “0.”

Two pulse discrete commands will be sent-“SAR PTC A and TX A OFF” and “SARR
PTC B and TX B OFF,” as defined in 18.7.5.1.7 and 18.7.5.1.18.

No other pulse discrete commands will be sent to SARR as part of entering Safe-State
Mode. Therefore, SARR will be an exception to the general practice of commanding latching
relays into predetermined states. None of the SARR level attenuators, rf switches, or secon-
dary power routing switches will be commanded as part of entering Safe-State Mode.

18.7.5.1.23 SARR TX A Enable/Disable (NOAA-H, -1, -J only)
The “0” state of this level discrete (+ 10 V) shall allow the A-side transmitter to be com-

manded “on.” The “I” state (0 V) shall inhibit the “on” command or cause the A-side
transmitter to turn “off” when powered.

18.7.5.1.24 SARR TX B Enable/Disable (NOAA-H, -1, -J only)
The description above, shall apply, substituting B for A.
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Table 18.7-7
- SARR On/Off Power Modes

Unit Mode Command(s) Effect of Commands on
Other Units

TX A On & output TX A Enable Turns off TX B & disconnects TX B output
connected to TX A On - from SLA; no effect on any receivers or
SLA TX B Off dc/dc converters

Off PTC A and
TX A off

Turns off power from all “A” units; no
effect on any rf switches

Off & output TX B Enable No effect on either dc/dc converter or any
disconnected TX B On - receivers; powers “B” transmitter
from SLA TX A Off

TX B All above descriptions apply - interchanging A & B

._

121/ On & inputs Conv A On - Unpowers “B” dc/dc converter and all “B”
243 connected to Conv B Off; receivers; no effect on either transmitter
Rx A SRA 121/243  Rx A

On - 121-243
Rx B Off

Power Off Conv B On -
Conv A Off

Unpowers all “A” receivers; powers “B”
converter; no effect on any rf switches or
either transmitter

Power Off PTC A and
TX A Off

Disconnects power from all “A” units;
no effect on any rf switches

Power Off & 121/243  Rx B Connects power  input to “B” 121/243
inputs On - 121/243 MHz receivers to power output from “B”
disconnected Rx A Off dc/dc converter; connects SRA to rf
from SRA inputs to “B” 1211243 MHz receiver; no

effect on either transmitter

121/ Rx B - All above descriptions apply - interchanging A & B
243

406 On & input Conv A On - Unpowers “B” dc/dc converter and all “B”
Rx A connected Conv B Off; receivers; no effect on either transmitter

to SRA 406 A On -
406 B Off

--
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Table 18.7-7
SARR On/Off Power Modes (Continued)

Unit Mode Command(s) Effect of Commands on
Other Units

406 Power Off Conv B On - Unpowers all “A” receivers; powers “B”_.
RXA Conv A Off dc/dc converter; no effect on any rf

switches or either transmitter

Power Off PTC A and Turns off power from all~“A” units;
TX A Off no effect on any rf switches

Power Off 406 A Off No effect on any other unit

Power Off & 406BOn- Connects power input to “B” 406 MHz
input 406 A Off receiver to power output from “B” dc/dc
disconnected converter; connects SRA rf inputs to “B”
from SRA 406 MHz receiver; no effect on either

transmitter

406

PTC
A

RXB- All above descriptions apply - interchanging A & B

dc/dc Conv A On - Unpowers “B” dc/dc converter and all “B”
converter Conv B Off receivers; no effect on any rf switches
On or transmitters

dc/dc Conv B On - Unpowers all “A” receivers; powers “B”
converter Conv A Off dc/dc converter; no effect on any rf switches
Off either transmitter

dc/dc PTC A and Unpowers all “A” units; no effect on any
converter TX A Off rf switches
Off

PTC B - all above descriptions apply - interchanging A & B

18.7.5.2 Digital “B” Telemetry

The Digital “B” one-bit status telemetry shall be available at the instrument interface at
all times. The 3.2-second subcoms generated by the TIP will sample each Digital “B”
Telemetry Point once every 3.2 seconds.

-

Words 8 and 12 of the Minor Frame will be dedicated to the sampling of Digital “B”
telemetry from all spacecraft components.
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18.7.5.2.1 Digital “B” Telemetry Points
Four digital “B” Telemetry Points are required by the SARR. The Digital “B”

- Telemetry Points provided by the SARR are shown in Table 18.7~8. A description of each
telemetry point is provided below.

Table 18.7-8
SARR Digital “B” Telemetry

Number
Telemetry Digital “B”

Point Name Channel Number

SARR 121.5 MHz
Redundancy Switch
SARR 243 MHz
Redundancy Switch
SARR 406 MHz
Redundancy Switch
SARR TX Output RF
Redundancy Switch

i
257

281

305

329

18.7.5.2.2 SARR 121.5 MHz RF Redundancy Switch
This point reports which of the two redundant 121.5 MHz receivers is connected to SARK

58, the interface with the 121.5 MHz RF filter, RFF-10 (EFG); RF-16 (HIJ).

This telemetry point provides valid data in all SARR modes. The telemetry circuit is
shown in Figure X.

18.7.5.2.3 SARR 243 MHz RF Redundancy Switch
This point reports which of the two redundant 243 MHz receivers is connected to SARR

J9, the interface with the 243-MHz RF filter, RFF-9, (EFG); RF-15 (HIJ).

This telemetry point provides valid data in all SARR modes. The telemetry circuit is
shown in Figure X.

18.7.5.2.4 SARR 406.05 MHz RF Redundancy Switch
This point reports which of the two redundant 406.05 MHz receivers is connected to

SARR JlO, the interface with the 406.05 MHz RF filter, RFF-8, (EFG); RFF-14, (HIJ).

18.7.5.3 Analog Telemetry

The Analog Telemetry shall be available at the instrument interface at all times during
which the instrument is on. Three different subcom types (32, 16, and 1 seconds) generated by
the TIP will be used to sample all spacecraft analog telemetry. The Analog Telemetry points
provided by the SARR are shown in Table 18.7-9. Descriptions of each telemetry point are
detailed below. Twenty-two Analog Telemetry channels are required by the SARR to monitor
the health of the instrument.
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Table 18.7-9
SARR Analog Telemetry

Number
Telemetry

Point Name

Analog
Telemetry
Channel
Number

Analog Minor
Subcom Frame

1

2

3

4

5

6

7

8

9

10

11

12

13

I4
15
16
17
18

19

20

SARR TX A RF Driver
Current
SARR TX Ij RF Driver
Current
SARR PTC 28 Volt Input
Monitor
SARR PTC A 16V Output
Monitor
SARR PTC B 16 Volt
Monitor
SARR 121.5 AGC Volts
TX A
SARR 121.5 AGC Volts
RxB
SARR 243 AGC Volts
RxA
SARR 243 AGC Volts
RxB
SARR 406 AGC Volts
Rx A
SARR 406 AGC Volts
Rx B
SARR Transmitter A
Temperature
SARR Transmitter B
Temperature
SARR PTC A Temperature
SARR PTC B Temperature
SARR TX A Output Power
SARR TX B Output Power
SARR 121/243  Receiver A
Local Oscillator Oven
External Case Temperature
SARR 1211243  Receiver B
Local Oscillator Oven
External Case Temperature
SARR 406 Receiver A
Local Oscillator Oven
External Case Temperature

385, 465 16-2 1, 81

393, 473 16-2 9, 89

401 16-2 17

417 16-2 33

409 16-2 25

425 16-2 41

433 16-2 49

441 16-2 57

449 16-2 65

457 16-2 73

481 16-2 97

489 16-2 105

497 16-2 113

505 16-2 121
490 16-2 106
498 16-2 114
386 16-2 2
394 16-2 10

402 16-2 18

410 16-2 26

-t

18.7-22



Table 18.7-9
SARR Analog Telemetry (Continued)

‘1.

Number
Telemetry

Point Name_.

Analog
Telemetry
Channel
Number

21

22

SARR 406 Receiver B
Local Oscillator Oven
External Case Temperature
SARR TX Baseplate
Temperature

418

426

Analog M;UOI
Subcom Frame

,_____.+--_.__

18.7.5:3.1 SARR TX A RF Driver Current
When Transmitter “A” is ON, this telemetry voltage shall be an analog of the dc current

drawn by the transmitter “A” RF driver amplifier from the Transmitter “A” regulated power
supply. When Transmitter “A” is OFF, this telemetry voltage shall be 0 k 0.5 ~01~s~

18.7.5.3.2 SARR TX B RF Driver Current
The description in the previous paragraph shall apply, substituting “B” for “r9.’

18.7.5.3.3 SARR PTC 28 Volt Input Monitor
This telemetry voltage shall be an analog of the +28 Volt Main Bus voltage 3: rb? I, ‘&,til

to either or both PTCs, independent of SARR ON/OFF status.

18.7.5.3.4 SARR PTC A 16 Volt Output Monitor
This telemetry voltage shall be an analog of the PTC “A” dc/dc converter output

voltage, independent of SARR ON/OFF status.

18.7.5.3.5 SARR PTC B 16 Volt Output Monitor
The description in the previous paragraph shall apply, substituting “B” for -k.”

18.7.5.3.6 SARR 121.5 MHz Rx A AGC Volts
When 121.5 MHz Receiver “A” is powered, this telemetry voltage shall be .’ : (

the gain control voltage to the 121.5 MHz Receiver “A” IF amplifiers. The & ;~cI; :’ :‘c
ship shall be independent of whether the receiver is in automatic-gain-control r! :
gain mode. When 121.5 MHz Receiver “A” is unpowered, this telemetry voEi~g?  .I;ai.“’

I- .!

+ 0.5 volts.

18.7.5.3.7 SARR 121.5 MHz Rx B AGC Volts
The description in the previous paragraph shall

-_

18.7.5.3.8 SARR 243 MHz Rx A AGC Volts
The description in the previous paragraph shall
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1.7.5.3.9 SARR 243 MHz Rx B AGC Volts
The description in the previous paragraph shall apply, substituting “B” for “A.”

18.7.5.3.10 SARR 406.05 MHz Rx A AGC Volts
If the SARR contains a functional receiver in the 406.05 MHz Receiver A position, the

description in 18.7.5.3.6 shall apply, substituting “406.05” for “121.5.” If the SARR con-
tains a dummy in the 406.05 MHz Receiver A position, this telemetry voltage shall be 0 kO.5
volts.

18.7.5.3.11 SARR 406.05 MHz Rx B AGC Volts
The description in the previous paragraph shall apply, substituting “B” for “A.”

18.7.5.3.12 SARR TX A Temperature
When the +28 Volt Analog Temperature Telemetry Bus is ON, this telemetry voltage

shall be an analog of the temperature of a point internal to Transmitter “A,” located near the
final RF power transistor. The analog relationship shall be independent of the SARR
ON/OFF status. When the +28 Volt Analog Temperature Telemetry Bus is OFF, this
telemetry voltage shall be 0 20.5 volts.

18.7.5.3.13 SAR TX B Temperature
The description in the previous paragraph shall apply, substituting “B” for “A.”

18.7.5.3.14 SARR PTC A Temperature
When the +28 Volt Analog Temperature Telemetry Bus is ON, this telemetry voltage

shall be an analog of the temperature of a point in the dc/dc converter in PTC “A.” The
analog relationship shall be independent of the SARR ON/OFF status. When the +Z Volt
Analog Temperature Telemetry Bus is OFF, this telemetry voltage shall be 0 kO.5 volts.

18.7.5.3.15 SARR PTC B Temperature
The description in the previous paragraph shall apply, substituting “B” for “A.”

18.7.5.3.16 SARR TX A Output Power
When Transmitter “A” is ON, this telemetry voltage shall be an analog of the RF power

from the final RF power transistor to the low-pass filter and output isolator in Transmitter
“A.” When Transmitter “A” is OFF, this telemetry voltage shall be 0 kO.5 volts.

18.7.5.3.17 SARR TX B Output Power
The description in the previous paragraph shall apply, substituting “B” for “A.”

18.7.5.3.18 SARR 121.5 MHz/243 MHz Receiver A Local Oscillator Oven External Case
Temperature

The Local Oscillator subassembly of the 121.5 MHz/243 MHz Receiver “A” assembly
contains a crystal oscillator housed in a temperature-controlled oven. When the + 28 Volt
Analog Temperature Telemetry Bus is ON, this telemetry voltage shall be an analog of the
temperature of a point on the outside of the case of the temperature-controlled oven. The
analog relationship shall be independent of the SARR ON/OFF status. When the +28 Volt
Analog Temperature Telemetry Bus is OFF, this telemetry voltage shall be 0 kO.5 volts.
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18.7.5.3.19 SARR 121.5 MHz/243 MHz Receiver B Local Oscillator Oven External C. :,e
Temperature

The description in the previous paragraph shall apply, substituting “B” for “A.‘?

18.7.5.3.20 SARR 406.05 MHz Receiver A Local Oscillator Oven External Case Temperature
If the SARR contains a functional receiver in the 406.05 MHz Receiver A position, the

description in 2.3.3.18 shall apply, substituting “406.05 MHz” for “121.5 MHz/243 MHz.“’
If the SARR contains a dummy in the 406.05 MHz Receiver A position, this telem~%ry  voltdge
shall be 0.9 50.5 volts when the +28 Volt Analog Temperature Telemetry Bus in ON, and 0
20.5 volts when the +28 Volt Analog Temperature Telemetry Bus is OFF.

18.7.5.3.21 SARR 406.05 MHz Receiver B Local Oscillator Oven External Case I’emperature____ ___.  -- ._ . . . ~_
The description in the previous paragraph shall apply, substituting “B” for “A.”

18.7.5.3.22 SARR TX Baseplate Temperature
When the + 28 Volt Analog Temperature Telemetry Bus is ON, this telemetry vi ,sge

shall be an analog of the temperature of a point near the center of the surface of th.c
Transmitter Assembly Base Plate. The surface shall be that which faces the inside of the
ESM. The analog relationship shall be independent of the SARR ON/OFF status. SNhen :.x
+ 28 Volt Analog Temperature Telemetry Bus is OFF, this telemetry voltage shall be e-1 4 ci.5
volts.

18.7.6 SAR PROCESSOR (SARP-M)
The 406 MHz on-board processor (see Figure 18.7-1) receives the 406 MHz transrltici’;  : 1~

from distress beacons and translates to an Intermediate Frequency (IF) using a double cc,_ r~“r
sion. The IF signal is demodulated in a phase-lock loop to recover the data; the carrier ire
quency  is measured and the data time tagged. For the regional coverage mode, real-time clJt*:
are transmitted to a Lut via the SAR Repeater downlink. Global area coverage is pr:! f; -f~:rl . y
storing global data in a 406 Processor memory; these data are also transmitted to a Lut qia chr
SAR Repeater downlink, but only during times when there is no regional coverage dar .;. he
transmitted.

18.7.6-l SARP-M Description

Figure 18.7-4 shows the block diagram of the 406 MHz Processor. The received signal is
fed first to the Receiver Unit which utilizes a double conversion process to translate i ,: -L
to a lower frequency. The receiver is a constant gain type, linear over a 23 dB dy-rr.. 41. I I ‘:.
Gain is held constant by an Automatic Gain Control referenced to an internally gei;c:  - ,
reference signal fed into the receiver input offset from the expected signal bandwidei;

The Search Unit divides the 24 kHz processor operating range into four bands of 6 kl-Iz
each, which are searched simultaneously for received signals. The full 24 kHz band is search
ed in 90 ms. When a signal is detected the Control Unit assigns the signal to a Dara ? ;‘I,; ‘: ,,
Unit (DRU)  on the basis of an algorithm designed to optimize the multiple-act L;S perftirr-sane:,
The algorithm for assignment is based on the frequency and level of the input 3.0 the :’ .Y-PV
as well as the current assignment state of the DRUs.

-
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When a signal is assigned to a DRU, the Voltage Controlled Oscillator (VCO) is
presteered to within the lock-in range by a voltage which is proportional to the signal frequen

- cy as determined by the Search Unit. After VCO lock-up, the signal is demodulated and fed
to a bit synchronizer which supplies the clock for subsequent digital processing. When the
clock is available, the sync word contained in the message is detected and the remaining digital
message processed. Doppler frequency is determined by counting the VCO signal for a
specified time interval; the time at which the Doppler measurement is made is determined by
using a time base referenced to the Processor Ultrastable Oscillator.

The Processor Formatter outputs a composite message made up of either eight 24-bit
words for a short message or nine 24-bit words for the long message to the Processor Memory.
The expected message length is determined by the Processor by detecting a single bit fla-g in-
dicating message length contained in the received message from the experimental ELT/EPIRI:

The formatted message output is sent to the main memory and to the interface unit where
it is transferred to the SARI! 2.4 kbps input port.

The- processor is implemented physically into three units with a total weight of 16.10 kg,
and a total volume of 28.6 liters. Power consumption is 13.93 watts.

18.7.6.2 SARP-M Output Message Formatting

The basic unit for transmission of SARP-M data is a 24-bit word. A “frame” of data
consists of 50 24-bit words, and the first word (frame sync word) of each frame is always

_ “42BBlF.”

The 24-bit words are organized into messages either 8 words for a short message or 9
words for a long message. The words belonging to a given message will always be transmitt >d
consecutively, except that the frame sync word (42BBlF)  will be inserted between two words ’ f
the same message at the beginning of a frame if the message is not completed in the previous
frame. The SARP-M will operate in one of three modes: real-time, playback, and real-time
interleaved with playback messages.

Whenever the memory is ON, incoming messages received into the memory unit are
simultaneously transmitted directly (real-time messages) and stored in the memory for subse-
quent transmission (playback messages). Playback messages are always transmitted on a Last
In First Out (LIFO) basis. When any one of the playback (Read Memory) modes is active,
there will be continuous transmission of stored messages (LIFO), one immediately following
another. Playback message transmission will be interrupted if a new message becomes
available for real-time transmission, but only upon completion of transmission of the current
playback message. Following real-time transmission (and storage) of the new message,
playback transmission will resume where it left off. If the memory is filled, the new message
will overwrite the oldest stored message.

If none of the playback modes is active and no messages are available for real-time
transmission, filler or “zero” words are transmitted. The zero word consists of “0” for each
of the first 23 bits and “1” for the 24th (OOOOOl in hexadecimal).
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If any one of the Read commands is received by the SARP-M during the transmission of
a message, transmission of that message will be completed, and then the mode indicated by the
Read command will  be implemented (with playback starting with the most recent message -

stored in the memory).

The order of priority in selection of the next 24-bit word to be transmitted is therefore as
foliows:

(I)

(2)

(3)

Transmit frame sync word (42BBlF)  if this is the first word of a frame.

Transmit the next word in a partially transmitted message.

Transmit the first word of the most recent stored message if a Read command has
been received but not implemented.

(4)

(5)

(6)

Transmit the first word of a real-time message which has not been transmitted.

Transmit the first &ord  of the next most recent playback message.

Transmit the first word of the most recent stored message if Read Continuously
Mode is active and if the oldest playback message has just been transmitted. A
zero word will precede resumption of playback.

(7) Transmit the zero word (OOOOOl).

The first 4 bits of each 24-bit word (except 42BBlF and OOOOOl)  have the following
significance:

First: DRU which processed the message. “0” for DRU 1, “1” for DRU 2. (All
words of each message come from the same DRU.)

Second: Always “0.”

Third: Always “0” for real-time messages. For playback messages, it is “1” for the
most recent message in storage, “0” for all other messages.

Fourth: Identifies real-time or playback message. “0” for playback, “1” for real time.

These bits are identical for all words in the same message.

The significance of the remaining 20 bits in each word of short and long messages for in-
orbit operation is shown in Figure 18.7-S.

Data on the SARP-M output line is biphase L, code Manchester, at the 2400 Hz frequen-
cy. A bit “1” in the NRZ gives a 10 V down to 0 transition in the biphase (in the middle of
the bit period). A bit “0” gives a 0 to 10 V up transition. The output level on the digital
data line when the SARP-M is off and bus power is on wilI be a logic “0” (+ 10 V).
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Figure 18.7-5. Organization of a Message zt
the Output of the SARP-M
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All messages (Real-time and playback) are output with words in the order shown in Figure
18.7-5, and the serial output of each word begins with the MSB (DRU No.).

18.7.6.3 SARP-M Input Message .Format

The SARP-M input message format is shown in Figure 18.7-6. Either of the two formats
for a long or short message can be utilized by an ELT/EPIRB for transmission to the
spacecraft for location and identification of an emergency event.

18.7.6.4 SARP-M Parameters

SARP-M parameters are shown in Table 18.7-10.

18.7.6.5 SARP-M Commands

SARP-M commands are shown in Table 18.7-11 and in Figure 18.7-2.

18.7.6.6

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Command Functional Summary

SARP-M ON-A

Turns dc/dc converter “ON” via Relay A.

SARP-M OFF-A

Turns dc/dc converter “OFF” via Relay A if Relay B is in “OFF” position.

SARP-M ON-B

Turns dc/dc converter “ON” (Redundant) via Relay B.

SARP-M OFF-B

Turns dc/dc converter “OFF” via Relay B if Relay A is in “OFF” position.

DRU 1 ON:

Powers DRU 1 if Relay A or B is on.

DRU 1 OFF:

Removes power from DRU 1.

DRU 2 ON:

Powers DRU 2 if Relay A or B is on.
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160 MS 15 9 I 0 87 BITS OF DATA
I

406 MESSAGE FORMAT (SHORT MESSAGE)

UNMODULATED
CARRIER

c
Y
$5
tffi

160 MS 15 9 1 119 BITS OF DATA

406 MESSAGE FORMAT (LONG MESSAGE)

Notes: 1) BIT SYNC - 15 ‘1’ BITS
2) FRAME SYNC - 000101111
3) l l” BIT INDICATES LONG MESSAGE FORMAT

‘0’ BIT INDICATES SHORT MESSAGE FORMAT

Figure 18.7-6. SARP-E Input Message Formats
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Table 18.7-l _
SARP-M Parameters

Parameters Values

Input Frequency

Input Signal Strength

Frequency Interference
Tolerance

Memory Capacity

406.025 +24 KHz

-108 to -131 dBm

Frequency (MHz) Maximum Interference
Signal Level (dBm)  ,

1-15 0
15-375 -20

375-385 -60
385-401 -100
401-411 -145
41 l-425 -100
425-435 -60
435-l ,000 -20

1 ,OOo-10,000 0

327,680 bits (2048 short messages or 1820 long
messages)

Processor Capability 90 Messages in Field of View per pass
with 95 percent probability.

(8) DRU 2 OFF:

Removes power from DRU 2.

(9) Read Memory Continuously:

If Relay A or B is ON and memory is ON, messages stored in the memory are read
and transmitted, LIFO, starting with the latest message and ending with the oldest
message, and to repeat this process continuously until another Memory command is
received. Transmission of playback (stored) messages is interrupted (at the end of
a message) when a new message is received, and resumed when the new message
has been transmitted. If the memory is filled and new messages are received dur-
ing the playback, the last message received wiIl  be stored as the latest (most recent)
message in memory. Memory content is not affected by reading in this mode and
resets the status of the other Read modes to OFF.

-

-1
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(10) Read Memory Single Shot:

Exactly the same as Read Memq GO~J&UXJV&~  except that playback is ter-
minated at the end of one cyc\a,

(11) Read/Erase Memory Single Shar-:

Exactly the same as Read Memow  5Gngle  Shot, except that the content of the
memory is erased (replaced by zero  w&) by the reading.

(12) Memory OFF:

Removes power from mmory md resets status of all read modes to OFF.

(13) Memory ON:

If Relay A or B is on_ powers memory and activates Writ: mode. With Write
mode activated when a message +s -received, it is simultaneously transmitted and
stored in the memory_, except that these actions are delayed until transmission of
any partially transmitted message is complete. If the memory is already filled, the
new message will overwrite the oldest wage in the memory. It also resets the
status of all Read modes to -OFF.

(14) Read Memory Continuously:

If Relay A OT B is ON, and msanory  is ON, ca&es messages stored in the memory
to be read and bransmitted, LIFO, starting with &he latest message and endi,ng  with
the oldest message, and to repeat this process continuously until another Memory
command is received. Transmission of playback (stored) messages is interrupted
(at the end of a message) when a new message is received, and resumed when the
new message has been transmitted_ If the memory is filled and new messages are
received during the playback, the last message received
(most recent) message in memory. Memory content is
this mode.

(15) Read Memory Single Shot:

Exactly the same as Read Memory Continuously, except that playback is termi-
nated at the end of one cycle.

(16) Read/Erase Memory Single Shot:

Exactly the same as Read Memory Single Shot, except that the content of the
memory is erased (replaced by zero words) by the reading.

18.7.6.7 Digital B Telemetry

will be stored as the latest
not affected by reading in

Digital B Telemetry is “one bit” telemetry which describes “off-on” instrument status.
This telemetry is shown in Table 18.7-12.
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Table 18.7-I 1
SARP-M Commands

Command
Name (2)

SARP-M ON-A

SARP-M OFF-A

SARP-M ON-B

SARP-M OFF-B

DRUl ON

DRUl OFF

DRU2 ON

DRU2 OFF

Read Memory
Continuously

MNEMONIC

SRPAN

SRPAF

SRPBN

SRPBF

SDUlN

SDUlF

SDU2N

SDU2F

SMRCN

CIU/CXU
Buffer

Bit

A@/4

A88/7

ACO/5

AC0/6

AC0/7

AC0/8

AC0/9

ACO/lO

17/6

Type Reset
(1) Logic (4)

State

Pulse Discrete F

Pulse Discrete F

Puke Discrete F

Pulse Discrete F

Pulse Discrete F

Pulse Discrete F

Pulse Discrete F

Pulse Discrete F

Pulse Discrete F
(6)

Read Memory SMRSS 17/8 Pulse Discrete
(6)

F

Read/Erase
Memory

Memory OFF

SMRER

SARMF

17/7

17/4

Pulse Discrete
(6)

Pulse Discrete
(6)

F

F

Memory ON SARMN 17/3 Pulse Discrete
(6)

F

-

1. These circuits do not use hysteresis latching.
2. DRU = Data Recovery Unit
3. See Figure 9 for the SARP-M Command Receiver Circuit.
4. State assumed when CIU or CXU is reset at power turn On.

T = True = 0 Volt; F = False = + 5 V.
5. Standard interface (GIIS Figure 12)
6. CXU Buffer

-
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Table 18.7-12
Digital B Telemetv

IO.

1

2

3

4

5

6

7

8

9

Telemetry State* (1) Minor
Point Name Logic “0” Logic “1” Frame

SARP-M Relay A Status

SARP-M Relay B Status

DRU 1

DRU 2

SARP-M Time Code (MSB)

M e m o r y  3N/OFF

Read Continuously

Read Single Shot

Read/Erase Single Shot

ON OFF

ON OFF

ON OFF

ON OFF

- -

ON

ON

ON

ON

OFF

OFF

OFF

OFF

2

2

2

2

8

6

22

14

23

L

Channel Word 12.c# Bit #

258 I. (

282 2, i

306

330

264

334

326

342

35x

I__ .~.,

*Logic “0” or “High Voltage” state (5 +0.7 V) is “ON.”
(1) All Digital “B” telemetry reads logic “1” when the SARP-M is OFF.

18.7.6.8 SARP-M Analog Telemetry

SARP-M analog telemetry is shown in Table 18.7-13 and defined by the !‘ : -)G  ;Y is~

l RU Temperature

- Function: To monitor Receiving Unit temperature from -1O’C  to sir. Y

l US0 Temperature

- Function: To monitor US0 temperature from 0°C to + 100°C.

l US0 Thermal Regulation Voltage

- Function: To monitor US0 regulation voltage which controls oven :~-m1~~:r  -r’:.lr:
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Table 18.7-13
SARP-M Analog Telemetry

No.

1

2

3

4

5

6

7

8

9

10

Telemetry
Point Name

RU - Temperature

us0 - Temperature

US0 Thermal Regulation

RGR Receiver

SPU - Temperature

PCU - Temperature

Converter - Temperature

Converter Voltage + 5 V

Converter Voltage + 12 V

Converter Voltage -12 V

Tip Tip
Sub Minor Channel
Corn Frame #

A16A 0,160 384

A16A 80,240

A16A 50,210 434

A16A 11,171 395

A16A 58,218 442

A16A 66,226 450

A16A 74,234 458

A16A - 91,251 475

A16A 98,258 482

A16A 122,282 506

l RGR Receiver

- Function: To monitor the RGR receiver voltage.

l SPU Temperature

- Function: To monitor the Box 2 (processing unit) temperature from -10°C to
+ 50°C.

l PCU Temperature

- Function: To monitor the Box 1 (power unit) temperature from -10°C to +5O”C.

l Converter Temperature

-

- Function: To monitor the power converter temperature.
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9 Converter Voltage + 5 V

- Function: To monitor the + 5 volts SARP-M powerline voltage.

l Converter Voltage + 12 V

- Function: To monitor the + 12 V SARP-M powerline voltage.

l Converter Voltage -12 V

- Function: To monitor the -12 volt SARP-M powerline voltage.
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18.8 SOLAR BACKSCATTER ULTRAVIOLET SPECTRAL RADIOMETER (SBW/2)

18.8.1 FUNCTIONAL DESCRIPTION

18.8.1.1 Purpose of Instrument

The purpose of the Solar Backscatter Ultraviolet Spectral Radiometer (SBUV/2)  is to map, on
a global scale, total ozone concentrations and the vertical distribution of ozone in the Earth’s atmo-
sphere. Since the required information cannot be measured directly, the SBW/2 instrument is
designed to provide data, on an operational basis, from which the distribution of ozone can be deter-
mined on the ground.

Two separate measurements are made to collect the data. The ratio of the two sets of data is of
primary importance. First, the SBW/2 measures the spectral radiance of the solar ultraviolet radia-
tion backscattered from the Earth; and second, the direct solar spectral irradiance is measured. Both
measurements are made in the spectral range from 160 to 400 nanometers (run). Such data will
further the understanding of:

l The structure and dynamics of the ozone layer

l The photochemical process in the atmosphere and the influence of trace constituents on
the ozone layer

l The long-term solar flux changes in the ultraviolet

18.8.1.2 General Description

The SBW/2  is a nonspatial scanning, spectrally scanning instrument designed to measure scene
radiance and solar spectral n-radiance in the spectral range from 160 nm to 400 nm to permit the
calculation of total ozone in the Earth’s atmosphere. The instrument operates in four distinct modes.
In the first mode, called the Discrete Mode, the instrument sequentially measures the scene radiance
or the solar spectral ix-radiance in 12 discrete spectral bands. In the second mode, called the Sweep
Mode, the spectral bandpass  sweeps from 400 nm to 160 nm in a quasicontinuous manner (actually
a rapid series of small, discrete steps). In this mode, radiometric measurements are made by elec-
tronic sampling of the output signal, while the grating moves. Either the scene spectral radiance or
solar spectral irradiance  is measured in this mode; in the latter case the diffuser must be deployed.
In the third mode, called the Wavelength Calibration Mode, the instrument operates as in the Dis-
crete Mode, but stops at 12 preselected wavelength positions bracketing one of the strong emission
lines of the onboard  calibration lamp. In the fourth mode, called the Position Mode, the spectral
scan mechanism moves to and remains at a preselected position upon receipt of the command. This
mode is used primarily for instrument testing; but, with the use of the instrument diffuser, both
scene radiance and solar h-radiance can be measured.

._
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The SBW/2  instrument (Figure 18.8-1) consists of two separate modules: a Sensor Module
(SM), and an Electronics and Logic Module (ELM). The SM is mounted to the Earth-facing surface
of the Advanced Tiros-N (ATN) Equipment Service Module (ESM). The ELM is mounted to the
back of the Earth-facing surface within the ESM and connected electrically to the SM via a separate
cable assembly. All spacecraft electrical interfaces with the instrument are made through the ELM
(Figure 18.8-2).

The SM contains a spectral scanning double monochromator, a cloud cover radiometer, mech-
anisms, and some electronics; the ELM contains the bulk of the electronics.

The SBUV/2  instrument measures backscattered solar radiation in an 11.3’ X 11.3” field of
view (FOV) in the nadir direction at 12 discrete, 1.1 nm wide wavelength bands between 252.0 nm
and 339.8 nm using a spectral scanning double monochromator. The solar n-radiance is determined
at the same 12 wavelength bands by deploying, upon ground command, a diffuser to reflect sunlight
into the instrument FOV. The atmospheric radiance measurement relative to the solar n-radiance
measurement is the significant data.

The SBW/2 instrument can also measure the solar ii-radiance  or the atmospheric radiance
with a continuous spectral scan from 400 nm to 160 nm in increments of nominally 0.148 nm. -
These measurements provide data on photochemical processes in the atmosphere and long-term
solar flux changes in the ultraviolet.

A separate narrowband filter photometer channel, called the Cloud Cover Radiometer (CCR),
continuously measures the Earth’s surface brightness at 379 nm, i.e., outside the ozone absorption -’
band. The CCR is located in the same structure as the monochromator, and its FOV is the same
size (11.3’ X 11.3’) as, and is coaligned with, the monochromator’s FOV.

18.8.1.3 Data Products

The data system for SBW/2 consists of circuitry to output all the instrument radiometric,
voltage, and temperature monitors and general status information. All of this information is trans-
ferred via the spacecraft Tiros Information Processor (TIP) and will be available wherever TIP data
are obtained, whenever the SBW/2 is on. The SBW/2  data system will utilize TIP digital-A,
digital-B, and subcommutated analog channels.

18.8.1.3.1 Digital-A-The SBW/2 is designed to output all digital instrument data to the TIP
digital-A data channels. These data include all radiometric signals, sync words, instrument tempera-
tures, encoder position, and any other information required for utilization of the radiometric data
and for monitoring the status and general health of the instrument.

18.8.1.3.2 Digital-B-The digital-B or bilevel  telemetry consists of single-bit status monitors used
for command verification. The sample rate of each of the 22 alloted  bilevel channels will be once
every 3.2 sec.
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18.8.1.3.3 Subcommutated Analog Telemetry .These  telemetry channels are intended for i.nstru-
ment use primarily to monitor temperatures. Seventeen analog telemetry circuits are used by the
SBW/2, 15 of which are powered from the instrument dc/dc  converter. The spacecraft provides a
separate switched +28 V bus to each instrument for monitoring housekeeping temperature when the
instrument is off; two SBW/S  temperature monitors are powered by this bus.

18.8.1.3.4  Data Storage--The SBW/2 utilizes no onboard data storage.

18.8.2 SYSTEM DESCRIPTION

18.8.2.1 Introduction

The SBW/2 is functionally similar to the SBW system flown on Nimbus-7. The SBW/2
incorporates dual Ebert-Fastie monochromators mounted in tandem on a single shaft; this is nece+
sary to meet the stray light rejection requirements. This monochromotor assembly is the heart of
the SM. The grating position (spectral bandpass) is provided by an encoder-controlled direct-drive
system with direct readout of grating position. The incoming W light passes through a depolarizer
and chopper before entering the entrace slit of the monochromator itself. Upon exiting the mono-
chromator, the dispersed energy is directed to the photocathode of a PMT via a transfer optics
assembly.

A separate radiometric channel, an atmospheric window channel, lies parallel to the mono-
chromator; the chopper is the only common element. The detector in this case is a vacuum photo-
diode, and the spectral bandpass  is provided by an optical filter. A simplified optical schematic is
provided in Figure 18.8-3.

The sensor module also contains a “calibration” lamp assembly which utilizes an Hg Pen-Ray
lamp. This lamp is used to spectrally calibrate the monochromator in orbit and to monitor the
reflectance of the flight diffuser. The diffuser assembly is provided so that the direct solar ii-radiance
can be measured-a measurement essential for ozone determination. In addition, the SM contains
electronics for powering the high voltage supplies, and signal processing of radiometric data. All
additional electronics are contained in a separate module, the ELM.

- -
18.8.2.2 System Performance Requirements

The essential features governing the performance requirements are:

1.

2.

3.

The instrument must operate over a dynamic range of 1 06.

The instrument cannot be radiometrically calibrated in orbit because the Sun is not
stable enough, and suitable sources do not exist.

The absolute accuracy of the radiance-to-ii-radiance ratio measurement must approach
one percent.
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4. NBS-supplied sources suitable for instrument calibration have a maximum dynamic
range of 40.

Instrument performance requirements are summarized in Tables 18.8-I to 18.8-4 and the
following subparagraphs.

18.8.2.2.1 Instantaneous Field of View (IFOV)-The SBUV/2  shall have a half-power IFOV whose
size is 11.33 50.57 degrees for alI spectral bands in the Discrete Mode and the CCR. In addition,
the half-power IFOV shall be square to within 0.1 degree, and each channel of the Discrete Mode
shall have an IFOV that does not differ from the CCR IFOV by more than 0.1 degree in each of
two perpendicular directions.

18.8.2.2.2 Field Uniformity-The relative response, as measured by two mutually perpendicular
scans of a point or narrow slit source across the IFOV (one scan perpendicular to and one scan
parallel to the entrance slit) shall not vary by more than 210 percent from the mean, within an
angular interval, centered in the IFOV, whose width is 80 percent of the half-power IFOV. The
width of the point or narrow slit source shall not exceed 10 percent of the required IFOV. In the
case of the CCR the variation within the 80 percent of half-power IFOV shall not exceed 55 percent.

18.8.2.2.3 Out-of-Field Response-The total system response obtained while the instrument (masked
to exclude a central FOV having an angular dimension 10 percent larger than the measured half-
power IFOV) views a large, uniform, diffuse source intending an angle at the entrance aperture 10
times the half-power IFOV and whose intensity does not exceed the maximum expected scene
radiance, shall not exceed 1 percent of the total system response obtained while the instrument
views the same source with the mask removed, at any spectral position within the range 250 nm to
400 nm. In addition, any strong, localized beam of UV energy impinging on the diffuse plate at any
position outside the masked out area, with the mask in place, shall not exceed the observed system
noise.

18.8.2.2.4 Optical Alignment

18.8.2.2.4.1  Precision-All alignment measurements shall be made with a precision of 0.01 degree
or better.

18.8.2.2.4.2 Alignment Requirements-The optical axis of the monochromator and of the CCR
shall be aligned parallel to within 0.1 degree. The alignment of the optical axis of the monochro-
mator to the instrument reference shall be 0.1 degree or less, and the alignment of the instrument
reference axis to the spacecraft +X axis (nadir) shall be 0.1 degree or less. The optical axis is
defined as the direction determined by disecting the angle between the half-power response points
determined from two mutually perpendicular FOV scans. This requirement shall hold between each
spectral band in the Discrete Mode and the CCR and the instrument reference.
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Table 18.8-l SBUV/2 Spectral Bandpass Requirements

Central Wavelength

(nm)

Discrete Mode

339.89 f 0.05

33 1.26 f 0.05

3 17.56 f 0.05

312.57 f 0.05

305.87 + 0.05

301.97 f 0.05

297.59 + 0.05

292.29 f 0.05

287.70 + 0.05

283.10 + 0.05

273.61 + 0.05

252.00 + 0.05

Sweep Mode

160 - 400 f 0.25

Cloud Cover Radiometer

379 + 1.0

Bandwidth

(nm)

1.0 ko.2
0,,

9,

,)

3,

,*

,*

,,

,,

(1

,,

9,

1.0 ko.2
0

3.0 + 0.3

Table 18.8-2 SBUV/2  Dynamic Range Requirements

Discrete Mode Sweep Mode
Cloud Cover
Radiometer

Maximum Scene
Radiance (mW/M* -sr-A)

Minimum Scene
Radiance (mW/M* -sr-A)

Maximum Solar
Irradiance (mW/M2-A)

Minimum Solar
k-radiance (mW/M* -A)

40 (339.8 nm) 53 (400 nm)

1.2 x lod* 1.2 x lo-4*

120 (339.8 nm) 166 (400 nm)

3 (252 nm) 0.01 (160 nm)

40

0.125

N/A

N/A

-

18.8-8



Table 18.8-3 SBUV/2  Minimum Signal to Noise

-

Central
Wavelength

(nm)

252.0 35

273.61 100

283.10 200

287.70 260

292.29 400

297.59 4 0 0

301.97 400

305.87 400

312.57 400

317.56 400

331.26 400

339.89 400

CCR 100

160
170
180
190
200

Required
S/N (Note 1)

Radiance Measurements

Discrete Mode
Sweep Mode

mote 4)

10

30

60

80

145

210

230

400

400

400

400

400

Irradiance Measurements

__-
___
___
___
__-

2 0.26
50 0.30

250 0.80
400 1.60
400 3.40

Source Intensity

Radiance.

(mW/M2  +.r-A)

(Note 2)

4.98 X 1O-4

9.78 X lOA

1.30 x 1o-3

2.39 x 10-s

3.48 x 10-3

3.84 X 1O-3

6.72 X lO-3

1.49 x 10-2

3.09 x 10-2

2.08 x 10-r

4.12 X 10-t

(Note 3)

Irradiance
(W/cm3  >

Notes: 1. Except for data pertinent to Notes 2,3, and 4, the required S/N values are
not true signal-to-noise ratios. These values are to be defined as peak signal
divided by background noise (rms).

2. To be measured while viewing a uniform target whose radinace is 1.20 X
IO4 mW/M2  *r-d\  averaged between 25 I nm and 253 nm.

3. To be measured while viewing a uniform target whose radiance is 0.125
mW/M’-sr-A  averaged between 375 nm and 385 nm.

4. In the sweep mode at the crossover between gain ranges 1 and 2 the max-
imum required S/N shall not exceed 100 at any specified wavelengths
above 292 run.
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Table 18.8-4 Absolute  Ra.diom&ric  A.omn-acy

Spectral B-radiance Calibration (Instrument Diffuser)

Max. Percent Error of

Wavelength Source* Diffuser Max. Absolute
(nm) Source Source Transfer (Goniometric) Other Emor Error of

Measurement (RSS)

200-250 Mini-Arc 6.0 3.5 1.0 7.02

250 QI 2.6 2.0 1.0 3.43

300 QI 2.1 2.0 1.0 3.c7

350 QI 1.7 2.0 1 .o 2.81

I
400 QI 1.5 2.0

/
1.0 2.69

Spectral Radiance Calibration L(ZZ&  Diffuser)

200-250 Mini-Arc 6.0 3.5 2.9 1.0 7.30

250 QI 2.6 2.0 1 !@ 1.0 3.57

300 QI 2.1 2.0 1.0 1.0 3.23

350 QI 1.7 2.0 1.0 1.0 2.98

400 QI 1.5 2.0 1 .o 1 .o 2.87

*Includes nongoniometric diffuser errors.

-

18.8.2.2.5 Out-of-Band ‘Response-The total out-of-band response, integrated over all wavelengths
outside a spectral region three times the measured bandwidth but centered on the central wave-
length (Jo), shall not be greater than 1 percent of the response within the total measured bandpass
for all spectral bands between 250 nm and 400 run. If N, is the scene radiance and S, is the instru-
ment transfer function and AA is the measured half-power bandwidth, then:
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To demonstrate compliance with this specification, the total out-of-band response shall be deter
mined by direct measurement or by a combination of measurement and analysis for each band of
the Discrete Mode and for the CCR. The source used shall simulate as close as possible the spectral
characteristics of the solar n-radiance.

18.8.2.2.6 Spectral Resolution-The SBUV/2  monochromator shall have a spectral resolution
capability of 0.2 nm, for the entire slit height, over the spectral range 250 nm to 400 nm. This can
be demonstrated by measurement at 253.7 nm and extended by ray trace analysis to the balance of
the spectral range.

18.8.2.2.7 Polarization Sensitivity-The sensitivity of the SBUV/2  to linear polarization of the
scene, as given by the following equation, shall be no greater than 0.05 for all wavelengths in the
range 252.0 nm to 339.8 nm.

. Imax-Imin
Ps = =G 0.05

Imax+Imin

where I max is the maximum response of the SBUV/2  to a 100 percent linear polarized source, and
I min is the minimum response of the SBUV/2  to a 100 percent linear polarized source of the same
intensity. The polarization operator of the test equipment used in the measurement of the pokrk-
tion sensitivity must be independently determined and analytically removed from the system ter
results.

18.8.2.2.8 System Linearity-The nonlinearity of system response shall not exceed 1 percent oi
the output signal over the total dynamic range. If the system response to a scene radiance of ‘F1i’ is
‘Ro,’ then system response to a scene radiance of ‘nNo’ must be nRo  + 0.01 (nRo - Ro); where 1)
‘n’ is any nonzero  positive number, 2) ‘No’ and ‘nNo’ must lie within the required or expected
dynamic range of the channel (extrema included), and 3) system response shall be the mean of a
minimum of 50 samples. In addition, system response shall be independent of instrument orienta-
tion in Earth’s magnetic field. Compliance with these requirements shall be demonstrated by mea-
surement in air only.

18.8.2.2.9 Radiometric Stability and Repeatability

18.8.2.2.9.1 Short-Term Stability-The radiometric response of the instrument shah  meet the
following stability requirements. The corrected mean response of the instrument shall not differ by
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more than 1 percent from a previous or subsequent response measurement made while viewing the
same source operating at equal intensity but separated in time by at least 24 hours for each wave-
length in the Discrete Mode. The mean response is to be determined from at least 50 successive
data samples taken with the wavelength drive stopped at each Discrete Mode position. These instru-
ment data are to be corrected for changes in instrument temperature and other responsedependent
parameters, if any, before comparisons are made.

18.8.2.2.9.2 Long-Term Stability-It is desired that the change in radiometric response, as defined
in the previous paragraph, shall not change by more than 3 percent over a period of 6 months. Be-
cause of the impracticability of demonstrating compliance by actualmeasurement beforeinstrument-
delivery, compliance can be demonstrated by an estimate of long-term stability based on analysis.
This analysis must use measured instrument rates of change as well as vendorsupplied subsystem
test data.

18.8.2.2.9.3 Wavelength Accuracy and Precision-All wavelength measurements for both the Dis-
crete Mode and Sweep Mode shall be made with an absolute accuracy given by the tolerance on’the
defmed  wavelength in Table 18.9-l. The required measurement precision during ground calibration
of SBUV/2  shall be ?O.OOS  nm or better.

18.8.2.2.10 Instrument Calibration

18.8.2.2.10.1 In-Flight Measurement of Detector Gain-The SBUV/2  shall provide for in-flight
measurement of changes in gain of the detector(s), including the preamplifier stage. The measure-
ments shall be sensitive enough to determine a gain change of 0.5 percent or less in the spectral
range 300 nm to 340 nm. Averaging of 100 measurements is permissible.

18.8.2.2.10.2 In-Flight Wavelength Calibration-The SBUV/2  shall provide the means of in-flight
wavelength calibration. The onboard  calibration shall be sensitive enough to detect a 0.1~nm  shift
in the indicated wavelength with a measurement precision of 0.01 nm.

18.8.2.2.10.3 Preflight Calibration: Ratio of Radiance to Irradiance Accuracy-The ratio of the
radiance calibration to u-radiance calibration at the same wavelength shall be determined to an accu-
racy of 2.35 percent in the spectral range 200 nm to 250 nm and to an accuracy of 1.53  percent at
250 nm; 1.57 percent at 300 nm and 1.82 percent in the spectral range 340 nm to 400 nm. The
ratio is to be determined from radiance and G-radiance measurements made with a minimum time
separation; i.e., at each Discrete Mode wavelength, the spectral drive is to be stopped and both mea-
surements made before continuing. During the time of ratio measurement, the instrument response
shall not vary by more than 0.5 percent.

18.8.2.2.10.4 Inflight Diffuser CaIibration- The contractor shaII demonstrate by direct test
that the system provided to monitor the diffuser performance is sensitive enough and has the
stability required to detect a one percent change in the diffuser relative spectral reflectance in
orbit, with a precision of 0.5 percent, over the spectral range 185 rrrn to 405 nm. This can be
demonstrated on a test to test basis or by using averages of up to eight automated data se-
quences which approximates the monthly orbital data colIection  in this mode.

18.8-12



18.8.2.3 Operational Phases and Modes

-
The SBW/2  is a nonspatial scanning, spectrallyscanning inskument.  It operates in several dis-

tinct phases and modes which can be selected by command. There are three operational phases,
four monochromator modes, four scene modes, and a diffuser decontamination mode. The opera-
tional phases are:

Launch and Orbital Acquisition Phase-The monochromator aperture is covered by a two
position calibration lamp assembly; the diffuser is stowed, and the power is off.

Mission Phase-This is the normal operating mode. Selected combinations of four mr~tro.
chromator modes and four scene modes are possible.

Standby Phase-The baseplate heater can be turned on if needed. However, analysis
shows that this will not be required.

The  four monochromator modes are:

Discrete Mode-The gratings are stepped to each of the 12 discrete wavelength positicins
and dwells at each position for 1.25 seconds. This is repeated until another mode is
selected.

Sweep Mode-The gratings are continuously moved to sweep the wavelength range of
400 nm to 160 nm. This is repeated until another mode is selected.

Wavelength Calibration Mode-The gratings are stepped to 12 discrete positions a.rou1-13
the 253.7-1~11 line or any other preselected line from an onboard mercury calibratk  7*
source. This is repeated until another mode is seIected.

Position Mode-The gratings are moved to, and stopped at, ,the position commandeLL
The gratings will stay in this position until commanded to another position or into
another mode.

The four scene modes are:

Earth View Mode

Sun View Mode

Wavelength Calibration Mode

Diffuser Check Mode
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All data are obtained during the Mission Phase. Figure 18.8-4 shows the various mode combi-
nations that can be used during the Mission Phase. The primary science data are collected when
viewing the Earth and the Sun. The Cloud Cover Radiometer (CCR) views the same scene as the 1

monochromator, sampling incoming energy at 379 nm. Independent of the monochromator mode,
the CCR integrates the scene for 1 second every 2second period.

The Launch Phase, Diffuser Check Sequence, Diffuser Decontamination Mode, and the four
scene modes are chosen by selecting one of four positions for the diffuser and one of two positions
for the wavelength calibration lamp. The -wavelength  calibration lamp is a mercury lamp housed
within the deployable door over the entrance apertures. Figure 18.8-5 shows the combinations and
the monochromator operating modes (grating drive mechanism) that accompany them. The posi-
tions of the diffuser and the calibration lamp and the operation of the grating drive define the
operating mode.

In the Launch Phase, the diffuser is stowed in an enclosure, protected from outgassing prod-
ucts, debris, and combustion products from the orbit-adjust thrusters. The calibration lamp assembly
serves as a contamination cover over the entrance aperture for both the monochromator and the
CCR.

In the Earth View Mode, the diffuser remains stowed and the lamp assembly is deployed to the
open position. The monochromator operates in either the Discrete or Sweep Mode.

In the Sun View Mode, the diffuser is deployed to 28” below the instrument Y-Z plane. Sun-
light is reflected into the entrance aperture during a portion of each orbit. -

The frequency of the allowed Sun-viewing opportunities and their durations depends upon the
orbit geometry. For the nominal mission, the spacecraft is in a Sun-synchronous, near-polar orbit
with the ascending node between 1400 and 1800 local mean time. Orbit period is approximately
102 minutes. The spacecraft +X axis is always vertical downward; the spacecraft +Y axis points
back along the velocity track; and the +Z axis is along the positive normal to the orbit. The Sun lies
within 68” of the +Z axis. In spacecraft coordinates, the Sun line cones about the Z-axis at an angle
7, once every orbit. Figure 18.9-6 shows its path in direction space. The diffuser is on the bottom
of the spacecraft in a location where parts of the spacecraft shadow it whenever the Sun is above
the Y-Z plane or to the -Y side of the X-Z plane, or within 3” of the X-Z plane.

When the Sun is less than 62’ from the +X axis, the Earth shadows the whole spacecraft. Thus,
the diffuser is sunlit only when the Sun is in the shaded region of Figure 18.8-6.

The diffuser must be tilted so it sees no earthshine, putting its normal within 28’ of the -X
axis. So, as the Sun approaches the limb of the Earth (at 62” from the +X axis), the diffuser is
illuminated at an extremely large incidence angle.

Whenever 7 is greater than 3”) the Sun shines on the diffuser once every orbit (i.e., once every
102 minutes). Figure 18.8-7  shows how long during each orbit the diffuser is illuminated with the
Sun between 75 and 90 degrees from the X-axis. Part of the time shown may include shadowing
from spacecraft antennas.
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During the Sun View Mode, the monochro;.lator is operated in either the Discrete or the
Sweep Mode.

During the Wavelength Calibration Mode (see Figure 18.8-9, the diffuser can be stowed or can
be directly in front of the instrument aperture, and the calibration lamp assembly is closed covering
both apertures. In the Sweep Mode, the monochromator scans over the mercury lines at 184.0,
253.7, 302.2,3 13.2,365-O,  and 404.7 nm. In the Wavelength Calibration Mode, the monochro-
mator can be commanded to sequence through 12 discrete wavelengths around any-desired line
from the mercury source. .

In the Diffuser Check Mode, the monochromator views the diffuser which is directly in front
of the instrument and aperture and is illuminated by the wavelength calibration lamp. The mono-
chromator scans the same line as in the Wavelength Calibration Mode, or it can operate in the sweep
mode. The ratios of the two sets of data (the lamp directly and the lamp reflected from the diffuser)
provide the check of diffuser spectral reflectivity. These two measurements are completed within
7 minutes.

In the Diffuser Decontamination Mode, both instrument apertures (the monochromator and
the CCR) are covered by the Calibration Lamp Assembly (aperture door). The diffuser is pointed
away from the instrument and the 5 W heater is turned on, heating the diffuser to approximately
70°C.

The monochromator has four distinct modes as shown in Figure 18.8-4.

0 Discrete Mode

a Sweep Mode

0

0

Wavelength Calibration Mode

Position Mode

The sequencing for each monochromator mode is controlled from either a fixed, ground-
programmable memory (FIX system) or from a random access memory programmable by com-
mand (FLEX System). The desired memory is selected by command.

Each monochromator mode defines a unique wavelength sequence and a data sampling se-
quence. At the end of each mode sequence (except the Position Mode), the preamplifiers are
switched out and up to ten precision voltage levels are inserted into the electronics for calibration of
the analog electronics and the voltage-to-frequency converters.

-’

Beginning at the first major frame following a Discrete Mode command, the gratings sequen-
tially move to and dwell at the 12 discrete wavelengths. Figure 18.8-8 shows the wavelength-versus-
time profile. The signal at each wavelength is integrated for 1.25 seconds. An additional 0.75 sec-
ond is allowed for moving to and settling at the next wavelength. Thus, the 12 discrete wavelengths
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Figure 18.8-8. Discrete Mode Timing

--
are covered in 24 seconds. This allows 8 seconds for returning to the first discrete wavelength,
electronic calibration, and waiting for the start of the next major frame. The 12 discrete wave-
lengths specified in Table 18.8-1 are stored in the FIX system. Any 12 wavelengths can be com-
manded into the FLEX system.

Beginning at the first major frame following receipt of a Sweep Mode command, the wave-
length range from 407 nm to 160 nm is scanned in nominally 0.074~nm  steps. Figure 18.8-9 shows
the wavelength-versus-time profile. The monochromator signal is integrated for 0.1 second resulting
in nominally 0.148 nm sample increments. Therefore, 1680 spectral measurements are made be-
tween 407 nm and 160 nm. This takes 168 seconds. The grating drive then retraces to 407 nm and
waits for the start of the next major frame. Thus, the total cycle time for the Sweep Mode is 192
seconds. Electronic calibration takes place during the time period between 168 seconds and 192
seconds. The starting position (407 nm) is stored in the FIX system. Any starting position can be
commanded into the FLEX system. During operation, either starting point will be followed by the
1680 spectral measurements.

The Wavelength Calibration Mode is functionally very similar to the Discrete Mode. Beginning
at a major frame, the grating moves to and dwells at 12 separate wavelengths, each separated by
nominally 0.296 nm, around any single desired line source. At each wavelength, data are inte,qted
for 1.25 seconds. Figure 18.810 shows the timing for this mode and an example of the resulting
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data. The FIX system will store ihe starting wavelength for the 253.7-nm  mercury line and the
remaining 11 wavelengths are achieved through logic. The FLEX system can be programmed to
start sequencing at any wavelength.

Upon receipt of a Position Mode command and at the start of the next major frame, the grat-
ing goes to the grating shaft position location in memory, The FIX system will contain a preset
position. However, any position can be commanded into the FLEX system. The grating wili
remain at this position until a new position is loaded into the FLEX system or until receipt of a new
mode command. In the Position Mode, data are integrated for 1.25 seconds during every 2-second
period as in the Discrete Mode. There is no ECAL during the Position Mode.

18.8.2.4 Radiometric Input

Both the monochromator and the cloud cover radiometer are designed to view sources or tar-
gets that are larger than their 11.3’ X 11.3’ fields of view (such as the Earth), and to measure the
average radiant power within the field of view. When viewing the Sun, which is smaller than the
instrument’s field of view, the onboard  instrument diffuser takes the rays from the one-half-degree
Sun and provides a diffuse source that overfdls  the instrument field of view.

The range of radiant power that the monochromator and the cloud cover radiometer measure
is illustrated in Figure 18.8-11. Solar irradiance  values have been converted to radiance levels at the

18.8-20



TYPICAL
1 OF 12

-

a) TYPICAL TWIN6

b 1 TYPICAL DISTRIBUXON  OF POINTS FROM
ScANNIffi A LINE

Figure 18.8-10. Wavelength Calibration Mode Timing

18.8-21



BY THE  SUN CLOUD  COVER

, .

/ .
/ ! !

J i . ,
/ +-mos~xc  sPEcTRM

9 RADIINX  -
.

1 . ExEcTm  RAffiE
. AT EbCn DISCS?~

I

160 lm 2m 220 240 260 2m xx, 320 yo 360
WAVaDcTHt  ml

Figure 18.8-11. Range of Radiance Power to be Measured

18.8-22



onboard  diffuser by using an average diffuser transfer factor or efficiency of 0.0~~8  mW~mZ -sr-A
- per mW/m2  -A.

The efficiency or throughput of the monochromator is strongly dependent upon the wave-
length, especially below 180 nm where the transmissions of the depolarizer and photomultipler t 11~
faceplate substantially drop off. Figure 18.8-12 shows the expected range of photomultiplier anode
currents for the monochromator. The maximum radiance values will typically be enc,:nmtered  in
the equatorial regions and the minimum radiances over the polar regions. Figure 18.8 12 also show
the range of cathode currents for the cloud cover radiometer.

In addition to accommodating a wide range of radiance levels, the depolaricer  ~KKCS th.?,
SBW/2 instrument relatively insensitive to different levels of polarization. The instrument also
contains a precise wavelength drive system.

18.8.2.5 Sensor Module Description

Figure 18.8-13 highlights the optical elements to aid in following the light paths :hro+h i,ne
Sensor Module. Figure 18.8-14 is a functional block diagram of the Sensor Module.

Photons reach the entrance aperture from several possible sources. First, with the diffuser
stowed and the aperture cover open, Earth radiation directly enters the aperture. Second, ,with tn.0
diffuser deployed to the Sun view position, solar radiation is reflected into the aperture “‘?tird,  fr::
in-flight calibration, light from an onboard mercury lamp, located in the aperture covrr,  c-n t:ti
directed straight into the aperture or reflected from the diffuser when the diffuser is LEI the calibra-
tion position.

The light passes through a four-element cultured quartz depolarizer and is chopped before
reaching the entrance slit of the monochromator. Light for the cloud cover radiometer does not
pass through the depolarizer but is chopped immediately. The chopper consists of a f;ve-blade5
wheel that is driven in phase-lock at four revolutions per second (20 Hz chopping freqi; cy) “: ;
three-phase brushless dc motor.

Energy at the entrance slit of the monochromator undergoes two reflections from each of trre
Ebert  mirrors, three reflections at the intermediate mirrors, and diffraction at each c! .: z _ *
ings before leaving the monochromator at the exit slit. After three more reflections .i :i ‘i
optics, the energy passes through the quartz faceplate of the photomultiplier tube (PY’ : 4 .n:: :.< b
the photocathode where it is converted to current.

In the PMT, the current is amplified by the factor of 500 between the cathode and the anode.
The currents at the cathode and the anode are sensed with transimpedance preamplif+ Ti- rev
the large range of signals, two gain stages are used at the anode and one gain stage at tht :.a,hoc-
The analog signals are converted to digital frequencies in the voltage-to-frequency conveiters.  I nw
digital signals are routed to the Electronics and Logic Module where digital synchronc-:-  :Icmo ?\..!a
tion and integration occurs in up/down counters.

-
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All of the cathode circu y through the voltage-to-frequency converters is floating at the nega~
tive high voltage potential of the cathode. Input and output signals pass through high-vt,lrag:  traals-
former isolators.

In addition to serving as the high signal (low gain) range for the monochromator signals, the
cathode current monitor is also used to measure the PMT gain at the anode. This is done on the
ground by taking the ratio of the cathode and anode signals where the ranges overlap.

The angular position of the gratings determines the center wavelength of the nomin2:  i ~ 1( wli
bandpass  of the monochromator. The grating position is controlled in a closed loo? servo  syssenr
using a brushless dc torque motor and an optical encoder. Electronics located in the Elec:tl,oriic3
and Logic Module provide the grating control and sequencing.

The cloud cover radiometer (CCR) consists of a lens, a 3-nm-wide  filter centered at 379 nm, 1
folding mirror, a photoemissive diode, and a preamplifier: The diode converts the incident  phot .. 1s
to a current which is converted to a voltage in the preamplifier. In the electrometer, the t rei :npll  %ei
output is amplified and passed through a voltage-to-frequency converter. In a maruler  similar TV rht
monochromator channel, the signal is then digitally and synchronously demodulated and !rtegt‘:bterl
in the Electronics and Logic Module.

18.8.2.6 Electronics and Logic Module

The Electronics and Logic Module (ELM) consists of 11 printed circuit  boards w”.rgch ~11 ; ..:I*
a mother board plus the Low Voltage Power Supply (LVPS). Figure 18.8-14 is a fur:,:tionaI  Oic :

\ - diagram of the total Electronics and Logic Module.

The Electronics and Logic Module is a single-point electrical interface betwee  the spacecrait
and the Sensor Module. All inputs and outputs to the spacecraft except power (Dig’ . . _’ _ ,.itd;al  j>
Commands, Analog, Clocks, and Timing) come into the spacecraft interface circuit boar& hfter
being preconditioned in this board, the clock, timing and commands are routed to ..imi> , anu
command boards as applicable. The digital multiplexer/formatter takes digital data .‘:;~T  h zy or

Module and digital status data from the ELIM.  It then formats it and gates it to the i,:te “3~. ,.
which sends it to the Tiros Information Processor (TIP) in the spacecraft. The tipi , .L ‘>., ir

ates all of the timing and clock signals, such as the chopper drive reference clock, d .L ~;,~!&~ <In _‘ 1.
integration clocks, and stepper motor rate clocks.

The low-voltage power supply accepts input power directly from the spacecrafi It pro-;;ci:c
analog and digital circuit voltages, motor drive voltages, and preconditioned inputs I’ I the ’ c:
voltage and calibration lamp power supplies in the Sensor Module. It filters the +25 & na. ‘, $2
the +28 V pulse load bus before it is converted. Post regulators are on some outpu.,s

-
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18.8.2.7 Detailed Description of Major Subassemblies

18.8.2.7.1 Grating Drive Mechanism-The grating drive mechanism is a subassembly of the mono-
chromator. Partial disassembly of the motor is required for removal from the monochromator, but
the gratings, bearing support system and encoder/readout assembly can be removed as a total sub-
assembly. General characteristics are listed in Table 18.8-5 and a block diagram of the grating drive
electronics is given in Figure 18.8-15. The gratings are mounted to a shaft which is bearing-supported
at each end. The shaft is driven by a limited angle torque motor directly attached to one end of the
grating support shaft. An optical encoder is attached to the opposite end of the support shaft for
positional control. The grating pivot shaft bearing system consists of a single deep groove bearing
adjacent to the motor and a preloaded duplex bearing pair adjacent to the encoder disc.

l Motor. The motor is a limited angle torque motor with *15’ drive capability.

l Encoder. The optical encoder consists of a 214 disc with four primary read stations and
four redundant stations. CoupleG  -&h the encoder electronics, the encoder provides 216
resolution with 21g repeatability.

Table 18.8-5 Grating Drive Characteristics

Temperature :

Operating

Nonoperating

Angular Momentum:

Bearing Quality:

Weight:

0°C to 30°C

-1oOc to +4”c

0.0014 nms (maximum instantaneous)

ABEC-7

8.0 pounds measured including gratings
and frames

Cycle Time:

Sweep Mode:

Discrete Mode :

Grating Step:

Step-to-Step Accuracy:

Grating Step Repeatability:

Maximum Jitter At Each Step:

Shaft Angle Readout Resolution:

192 seconds

32 seconds

19.78 arc-second

k4.95 arc-second

+ 1.5 arc-second

20.5  arc-second

19.78 arc-second
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18.8.2.7.2 Photomultiplier Tube (PMT) Assembly-The Photomultiplier Tube Assembly (Figure
18.8-16) consists of a spherical focusing mirror which images the exit slit onto the PMT, aperture
mask (scatter stop), PMT, shielding, preamplifiers, high voltage power supply, and appropriate
electronics and housings.

- -

2.7”
I

1 ~-,,-

#-y OUTLINE:  OF P?4l
ELECTRONICS

I

I 5,l”

: II

-L

--L 2.5” DIA (MAX)

-
f

A/N 4337

Figure 18.8-16,.  Photomultiplier Tube Assembly

18.8.2.7.2.1 Photomultiplier Tube-The PMT photocathode is a high quantum efficiency
bialkali  on a quartz faceplate to provide a high signal over the 160 to 400 nm range. The
five dynodes provide a gain of 500.

18.8.2.7.2.2 PMT Electronics-The PMT electronics consist of four electronics boxes containing
all of the circuits directly interfacing with the PMT:

Anode preamplifier

Bleeder string

Cathode current monitor preamplifier and electrometer circuitry through the voltage-to-
frequency converter
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l High-voltage power supply including the float i low-voltage supplies for the cathode
current monitor

- These circuits are illustrated in Figure 18.8-17. The PMT electronics are located -directly next
to and at the rear of the PMT.

Characteristics for the circuits are as follows:

l Direct-coupled, transimpedance, FET-input preamplifier

0 10-V fullscale output

l 4.32 X lo* ohm feedback resistor

l 2300 Hz bandwidth

l Nonlinearity 0.1 percent max. full scale

l Doubled-shielded with inner shield at signal ground and outer shield at chassis ground

Bleeder String

l Passive bleeder string for all dynodes

0 100 A bleeder string current

Cathode Monitor
.-

0 Direct-coupled, transimpedance, FET-input preamplifier

- 1 O-V full-scale output

- 4.32 X lo8 ohm feedback resistor

- 2300 Hz bandwidth

IO-volt full-scale output at 2 X IO-’ A input

Analog nonlinearity 20.1 percent of full scale

Analog gain stability better than 1 percent per 5°C

Four-level electronic calibration

VFC peak output frequency 122 kHz at 10 Vdc input

VFC nonlinearity 20.1 percent of full scale

Double-shielded cathode circuitry with inner shield at -HV and the outer shield at chassis
ground
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l High voltage isolators to couple signals in and out of cathode circuitry

l Response time -300 kHz per msec  mm.

18.8.2.7.3 Cloud Cover Radiometer (CCR)-The Cloud Cover Radiometer (CCR) is built as a
separate module to simplify fabrication and alignment. This separable assembly consists of bi phot+
emissive diode, field stop, lens, interference bandpass  filter, folding mirror, and preamplifier. Se;:
Figure 18.8-18.

Light from the scene goes through the chopper before it gets to the CCR. At the CCK, the
light goes through a bandpass  filter, a singlet objective lens, and a field stop. A spherical fc’Ilir;r,
mirror then turns the beam 90” and images the light on the detector, which is a vacuum photo&ode.

The field stop sets the size of the CCR field of view. The folding mirror images the aperture
stop (which is the chopper) on the detector, permitting a smaller detector size and minimizing *he
field-sensitivity variations that could be caused by a nonuniform detector.

The entire CCR is mounted in a block at the side of the entrance slit of the monochromator s\i
that both the CCR and the monochromator can use the same chopper wheel. Co-pointi:rg :.s jet bv
machined shims at the mounting bosses of the CCR block.

18.8.2.7.3.1 Photodiode-The photoemissive diode is smaller to the ITT Diode F4096 I’“;. d:~~~.k.

has a semitransparent bialkali photocathode of approximately 13 mm diameter. This dri:;: ,l c;; : !I..,
at low voltage (10 V) and easily meets the dynamic range of 320: 1. The signal-to-noi-c ;iLi  ;;; a:
minimum signal is about a factor of two higher than the required 100: 1.

18.8.2.7.3.2 CCR Preamplifier-The anode current passes through a transimpedance 1~. :‘,~.,:i~li~ir
similar to the PMT preamplifiers but located at the rear of the detector in a shielded enclosure, The
output then goes to the electrometer to a single fixed range voltage-to-frequency converter. “‘ream
plifier characteristics are:

0 Direct-coupled, transimpedance, FET-input preamplifier

l Full-scale current: 2.4 X 10’ A

l 4.32 X lo8 ohm feedback resistor

l 2300 Hz bandwidth

l Doubleshielded with inner shield at signal ground and outer shield at chassis ground

18.8.2.7.4 Electrometer Assembly-This assembly consists of postamplifiers and voltage,rf_  ;I. :‘:’ \:~cy
converters for two PMT anode ranges and for the CCR range. A temperature sensor is ml rr 1 cc., the
Electronics and Logic Module for digital conversion,
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Figure 18.8-19 shows the functional block diagram for the electrometer which includes xn
electrical calibration generator (ECal),  housekeeping monitors, and power distribution. Each eiec-
trometer signal is amplified and then converted to a frequency that is porportional to its am,)litude,
The frequency is then routed to the ELM for digital processing. The full scale ranges are:

Monochromator Range 1: 0 to lo-to A average anode current

Monochromator Range 2: 10ml’ to 1 OW8  A average anode current

CCR Range 1: 2.4 nA (average) full scale

E-CAL
/

E-CAL_-
6Et4 coN-rRcLs

.

1 9 6 8  A / N

Figure 18.8-19. Block Diagram of the Electrometer Assembly

A summary of the electrometer characteristics is listed in Table 18.8-6.

The electrical calibration system provides automatic monitoring of both PMT and CCP YEW-.
trometer channel gains. The system operates by switching in ten precision Ei .J :..i ilji ,; .,
chopped at 20 Hz immediately after the preamplifiers, as shown in Figure 18.8-19 t%I! (it_ L,~i iI
background is eliminated from the calibration. Calibration is performed during, x ..i r ,;
grating. The ECal levels are designed to provide four points on each electrometer  ran& Iy

18.8.2.7.5 Chopper Assembly-The chopper assembly is an, independent subassembly spider
mounted to the slit bulkhead. This assembly chops the incoming radiation to both :-~t : :i il ,. x9

mator slit and the CCR. It consists of a brushless, three-phase, dc torque motor:  _ ll*ie  ..‘*b:i.:
chopper, and an encoder. The encoder has both a velocity track and a phase trr.ck 6~:7.  rr*c --)ha,.e
locked loop control, and it has three tracks for motor commutation.
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Table 18.8-6 Electrometer Characteristics

Package Size: 1.06 H X 7.50 W X 8.25 L in

Package Weight: 2.50 pounds measured

Power: 0.6 W nominal orbital average

Analog Gain Error: 1% per 5°C

Analog Nonlinearity: 0.1% of full scale; 0” to 30°C

Short Circuit Protection: All outputs

Channel Crosstalk: <l/2  bit

A/D (V/F) Nonlinearity: 0.1% of full scale

A/D (V/F) Accuracy: 0.04% of full scale at 25°C; 0.1% of full scale 0 to 70°C

E-Cal Levels: 10 Automatic

-

The chopping rate is 20 Hz and is accomplished by five apertures in a wheel rotating at 240
r-pm.  The chopping edges of the apertures are held within a 0.005-inch  tolerance band. The wheel
diameter (limited by interference with the exit optics housing) is 5.067 inches maximum. Figure
18.9-20 shows exposed slit areas versus time for one chopping cycle of the monochromator slit.

-

.

Figure 18.8-20.  Chopper Waveform Characteristics
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The wheel is driven by a three-phase brushless dc torque motor with velocity control and com-
mutation provided by an optical encoder. The encoder provides the phase reference pulse, and the
chopper wheel is adjusted with respect to it. Redundant pickups are provided. Figure 18.8-21
shows the cross section and dimensional extremes of the subassembly. Table 18.8-7 lists the charac-
teristics of the chopper assembly. The chopper drive requirements and characteristics are provided
in Table 18.8-8, and the block diagram of the chopper drive electronics is provided in Figure
18.8-22.

18.8.2.7.6 Diffuser Assembly-To measure the solar irradiance, a diffuser is deployed beneath the
instrument so that the instrument views sunlight rather than Earth radiance. The original diffuser
design consisted of a planar array of 125 small, reflective spherical balls mounted on a plate. How-
ever, because of development problems with the ball-type diffuser, it was replaced with a ground
aluminum plate overcoated with vacuum deposited aluminum.

In the solar irradia;.;e  measurement, the diffuser is deployed so the plate normal is 28” from
the zenith-nadir line (i.e., the plate is tilted 28” from the spacecraft Y-Z plane). The plane of the
diffuser is thus tangent to Earth’s limb, eliminating earthshine from the Sun measurements.

Because the brightness of the diffuser plate varies as the cosine of the angle of incidence of the
sunlight, the goniometric response of each instrument is carefully calibrated.

The diffuser is mounted on a signal-axis tilt mechanism with four discrete positions: Stow,
Degradation Check, Sun Viewing, and Decontamination. A simple stepper motor deployment
mechanism moves the diffuser to each of the four positions. In Stow position, the plate is tucked
against a shallow enclosure where the diffuser surface is protected during launch and ordinary
(Earth-look) instrument operation. The working surface of the diffuser is protected from con-
taminant condensation and solar ultraviolet, which could polymerize any contaminants already
present. In Degradation Check position, the plate is perpendicular to the zenith-nadir axis, illumi-
nated by the in-flight reference source, and viewed by the radiometer. In Sun Viewing position,
the plate normal makes 28” with the radiometer axes and the Sun measurements are made. The
diffuser is further extended to a fourth position for decontamination. The diffuser is heated to
300 K minimum, 373 K maximum to drive off contaminants.

The diffuser is mechanically positioned in any one of the four positions by rotation about a
hinge axis. Each position is sensed by optical readout using four LED’s and four phototransistors.
The four positions are tabulated in Table 18.8-9. Total travel is 140’ minimum.

The hinge line is parallel to the spacecraft Y-Z plane, and the normal to the hinge line in the
Y-Z plane makes an angle of 34” with the +Z axis. The drive motor is a 45” permanent magnet
stepper motor.
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Figure 18.8-21. Cro%Section  of Chopper Assembly
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Table 18.87 Chopper Assembly Characteristics

V e l o c i t y

Life

Uncompensated Angular Momentum

Torque Margin

Bearing Quality

Temperature

Operating
Nonoperating

2 4 0  rpm

2 years continuous operation

0.0045 N-M-S
!

I
3X friction I

ABEC-7 t
I
i

-10°C to +40°c /

-10°C to +4o”c i
E__-.--.._  .__-._=  “._. 1

-

Table 18.8-8 Chopper Wheel Drive Requirements and Characteristics

Mechanical Characteristics

Moment of Inertia 2.56 X lo-* oz-in.-sec*
Starting Friction 0.1 oz-in.
Nominal Running Friction 0.5 oz-in.
Cold Running Friction 1 .O oz-in.
Torque Disturbances 0.75 oz-in. for 0.4 msec

Encoder

Velocity Track
Phase Track
Motor Commutation Tracks

Motor

I

1000 Cycles per Revolution I
5 Cycles per Revolution
3 Tracks, 4 Cycles per Pf olutic i !

Phases 3 I
Poles 8
Type Brushless, dc

Velocity

Motor Velocity
Velocity Stability

Phase

Chopper Phasing
Phase Stability

4 Hz
kO.0036  Hz

Locked to 20 Hz &mod ;: gr .:I
20.0057  Wheel Radians

,. -- _--._ “_ - _. .-
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Table 18.8-9 Diffuser Positions

Position

stow

Degradation Check

Solar b-radiance

Decontamination

Angle-to-
Spacecraft X-Axis

12”

90”

118’

167.5’

Accuracy

N/A

k1.0”

+0.4”

N/A

Repeatibility

N/A

20.1”

+o j”

N/A
I~.- ~-r.  -. -!

The total mechanism is fully operational in any attitude in a 1 g field, positively 1ai;ned  r::,
launch. Performance characteristics are provided in Table 18.8-10, and diffuser drive logic is
provided in Figure 18.8-23.

In the Decontamination Mode, the heater power requirement is 5 watts maximum.

18.8.2.7.7 Calibration Lamp Assembly-The calibration lamp assembly is used to prwide a;: is-
flight reference source for wavelength calibration of the instrument. It also provides t+: clc,  ,lare “.c i’
the instrument aperture during storage and launch. As the reference source, it uses a mt.,  c ay dis-

charge Pen-Ray lamp in an aluminum housing (Figure 18.8-24). The output face of tl z F1,ousi  :q is 7:
ground fused-silica diffuser.

The lamp puts out several discrete spectral lines (from 184.9 nm to 404.7 m-n) p:t’,i tlj ’ sp:

tral range of the instrument.

The calibration lamp assembly is used in two positions; in the open position r;~ I _ iiiunl

nates the diffuser deployed in its monitor position, and in the closed position the SI o !: ! .ove : :I-

input apertures and can illuminate them directly. In this position, the lamp diffuser h::: .js ‘1 il ti :
entire field of view of the monochromator.

Comparison of the two sweep mode measurements permits in-flight evaluatio. A~~.. ss
efficiency so that a correction factor can be applied to the data on the ground if api ,c* ~-.+a  p’

The lamp is operated at a controlled current of 1 .O mA.

Mechanically the assembly is a single-axis rotation, two-position device driven directly by a 90’
stepper motor through a reduction gearhead. An optical read-out provides position ir snarl  :c ‘7

The total mechanism is fully operational in any attitude in a 1 g field but is retained ;! fi ~xt. ~

position for launch. The calibration lamp drive performance characteristics are proti:!i:::  ir I ble

18.8-11.
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Table 18.8-10 Llifuser Drive Performance

Position Accuracy sun position = 28 + lo/ - 0

Position Repeatibility

Type of Motor

*0.02”

45” PM Stepper

6Oa per Winding

Size 15

24 Vdc

Gear Reduction

Step Size

Step Frequency

Number of Steps

18O:l

0.25”

80 Steps per set

Stow to Mon

Stow to Sun

378 Steps

490 Steps

Stow to Decontam 688 Steps

Time Required Stow to Mon

Stow to Sun

4.7 set

6.1 set

Stow to Decontam 8.6 set

Angular Momentum

Temperature

Operating

Nonoperating

0.0022 N-M-S Maximum, Instantaneous

-1oOc to +40°c

-2O’C to +6O”C

The interlock system between the diffuser and cal lamp drives prevents a mechanical interfer-
ence problem. The cal lamp must be in the open or closed position before the diffuser can operate,
and the diffuser must be stopped before the cal lamp can operate.

The calibration drive logic is provided in Figure 18.8-25.
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Figure 18.8-24. Calibration Lamp Assembly

Table 18.8-l 1 Calibration Lamp Drive Performance

Type of Motor

Gear Reduction

Step Size

Step Frequency

Number of Steps

Time Required to Open or Close

Angular Momentum

Stroke

Positional Accuracy

Position Repeatability

Temperature
Operating
Nonoperating

90” PM Stepper

15Oa per Winding

Size 11

24 Vdc

60: 1

1.5”

20 Steps per set

90 Steps

4.5 set

0.007 N-M-S Maximum Instantaneous

125’ Minimum

51”

Spring Loaded Against Both Open and Closed
stops

-10°C to +4o”c
-20°C to +45”c

--
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18.8.2.7.7.1 Calibration Lamp Power Supply-The mercury lamp requires a high starting voltage
and a well regulated operating current. A pulse width modulated converter with current feedback
is used to meet these requirements. A block diagram of the power supply is shown in Figure
18.8-26. Characteristics of the power supply are listed in Table 18.8-12.

”
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MomRAYED  -_) IUTIRIW  ---_) FILTER

Poia  SWFLY
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_ ..-
w ON/OFF
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CALWSURLY B-rONI?UR

Figure 18.8-26. .Block  Diagram of the Calibration Lamp Power Supply

18.8.2.7.8 Depolarizer-With its many reflections and two grating diffractions, the monochromator
treats input light very nonuniformally, discriminating on the basis of wavelength and polarization
state. The depolarizer, which is in the beam immediately before the chopper and entrance slit of
the monochromator, scrambles the polarization state of the incoming light so that the monochro-
mator is equally responsive to light of any initial polarization state.

The depolarizer (Figure 18.8-27) uses two Wollaston prisms, each of which includes two quartz
wedges with crossed axes. It scrambles by twisting the instantaneous polarization state around the
direction in which the ray is going. The twist depends on the location and direction of the ray as it
enters the scrambler. The depolarizer is made of optical grade cultured crystalline quartz. This
material gives high transmittance and will not degrade measurements by fluorescing. The four
optical wedges of the depolarizer are optically contacted to each other (no cement is used, and no
internal air or vacuum interfaces exist) for maximum transmission.

18.8.2.7.9 Command System-The SBW/2  is operated with 39 commands as listed in Table
18.8-13. The status of each command is verified with lines to Digital B telemetry.
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- Physical

Table 18.8-12 Calibration Lamp Power Supply Characteristics
--I- ---. -_-

Size
Weight

F u n c t i o n a l

2.0 X 3.375 X 5.20 in.
2.2 lb Measured

Input Voltage
Input Power
Output Voltage (to start lamp)
Operating Voltage
Lamp Operating Current
Operating Current Regulation
Synchronization Frequency
Housekeeping Monitors

+25 Vdc +2 Vdc
<7 W at 10 mA Load Current
2.500 V Minimum
12oov to 15oov
1 .O mA Regulated
0.1%
52 kHz; Free Run in Absence of Synchronizat!on
Lamp Current, +5 V Full Scale for 3.25 mA

^ i- XI-- --~=_

<

45O

L

- 0 . 5 5 2  -

.
7f,

-

Figure 18.8-27. Depolarizer

18.8-37



Table 18.8-13 List of Commands

Command Designation
Type of

Command
Dig. B -

Reg. No. Response Mnemonic

1. Master Power On/Lamp Off/H.V. Off Pulse 1 Master Power On/Off
2. Master Power Off Pulse
3. Grating Mode 1 (Discrete) Pulse 2 Discrete Yes/No
4. Grating Mode 2 (Sweep) Pulse 3 Sweep Yes/No
5. Grating Mode 3 (X Cal) Pulse 4 Cal Yes/No
6. Grating Mode 4 (Position) Pulse 5 Position Yes/No
7. High Voltage On Pulse 6 H.V. On/Off
8. Motor Power On Pulse 7 Motors Power On/Off
9. Motor Power Off Pulse

10. Lamp Enable and On Pulse 8 Lamp On/Off
11. Lamp Disable Pulse 9 Lamp Disabled/Enabled
12. Lamp Assy Open Pulse 10 Lamp Assy Open CMD/Close
13. Lamp Assy Close Pulse
14. High Voltage Enable Pulse 11 H.V. Enabled/Disabled
15. Diffuser Position 1 (Stow) Pulse 12 Diff. Stow CMD, Yes/No
16. Diffuser Position 2 (Monitor) Pulse 13 Diff. Monitor CMD Yes/No
17. Diffuser Position 3 (Sun) Pulse 14’ Diff. Sun CMD, Yes/No
18. Diffuser Position 4 (Decontaminate) Pulse 15 Diff. Position CMD, Yes/No
19. Chop Encoder Sensor, PRI/Bkup Level 16 Ch _Enc  Sens PRI/Bkup
20. Grating Encoder Sensor, PRI/Bkup Level 17 Grat Enc Sens PRI/Bkup
2 1. Diffuser Position Sensor, PRI/Bkup Level 18 Diff. Pos’n Sens PRI/Bkup
22. Lamp Position Sensor, PRI/Bkup Level 19 Lamp Position Sens PRI/Bkup
23. Grating Drive MEM, FIX/FLEX Level 20 Grating Drive FIX/FLEX
24. Code Strobe* Pulse Dig A
25. Code Address A Level Dig A
26. Code Address B Level Dig A
27. Code Data Bit 1 Level Dig A
28. Code Data Bit 2 Level Dig A
29. Code Data Bit 3 Level Dig A
30. Code Data Bit 4 Level Dig A
31. Code Data Bit 5 Level Dig A
32. Code Data Bit 6 Level Dig A
33. Cal Lamp Heater On Pulse 21 Cal Lamp Heater On/Off
34. Decontam Heater On Pulse 22 Decontam Htr On/Off
35. Heaters Off Pulse
36. Spare Pulse
37. Discrete Sun Enable Pulse Dig A
38. Sweep Sun Enable Pulse Dig A
39. X Cal Enable Pulse Dig A

,*

1

-

*Commands 25-33 used to load grating drive flex memory. - 2
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The Master Power On command applies power to the instrument, initializes all control logic,
resets the high voltage and lamp power relay to OFF, and returns the grating drive to its home posi-
tion. The grating mode commands are designed not to depend on any previous mode command
(there are no toggling sequences). The last mode command sent takes effect after completion of the
current sequence.

The 39 available commands consist of 26 pulse and 13 level commands. The pulse commands
are used for power control and quick reaction mode changes. The command system block diagram, is
shown in Figure 18.8-28. Three pulse commands (nos. 37,38, and 39) are used to initiate au%+
matic command sequences.

18.8.2.7.10 Data Handling System-The data handling block diagram is shown in Figure 18.8-29.
Frequency counters are provided for the electrometer and the housekeeping voltage-to-frequency
converters. The counters synchronously demodulate and integrate the modulated frequencies by
counting up while the chopper aperture is open and counting down while the aperture is closed. In
this manner the background signal is subtracted from the desired signal. The integration time is
1.25 seconds in the discrete, wavelength calibrating and position modes and 0.1 second in the sweep
mode.

The contents of each counter are buffered after each integration period and reset for a new
integration. The buffered data, as welI as submultiplexed digital housekeeping data, are rnYlltiplcYec’
out to the 320-bit output data register where it is read out by the TIP. Logic is provided r i ,c : -

PMT range selection when in the sweep mode. Analog housekeeping and digital houseke:  -+,~g x r
multiplexed into a serial data stream and loaded into the 320-bit  register.

Multiplexing is controlled by fixed format logic which utilizes timing and synchroniva’:on,  s-;;
nals derived from the TIP interface. The output data register is completely loaded once ; I’ r secor  ’
at a high clock rate, in between read-out periods. Data are read out by the TIP every l/20 second in
16-bit  groups.

18.8.2.7.10.1 Digital A Telemetry Lists and Formats-The SBUV/2  format consists of 20 16-bit
words telemetered every second for a total data rate of 320 bps. This format is changed only in <;,I,
sweep mode to accommodate higher monochromater data rates. Only two formats are c* q _ c

shown in Table 18.8-14: a discrete mode format and a sweep mode format. Word 1 column. con-
tains the CCR data and all housekeeping data, and remains fixed in both discrete and s . :: ,I; A;

Word 2 is devoted to PMT data, containing the data from all three in the discrete mode fo: laf
This word is switched in the sweep mode to read only the selected PMT Range Data.

The 16channel analog submultiplexer and the digital status register, both located in re i-,I_.  i

provide ample capacity for housekeeping and status. Data assignments for the analog submulti-
plexer are listed in Table 18.8-15. The analog submux data consist of 8-bit samples which a’ ._
packed two per 16-bit word. Data assignments for digital status words are listed in Table li S-l<,
There are spare channels of both analog and digital data for possible future expansion.
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Table 18.8-14 Digital A Data Formats (1~) (2)

Discrete Modes Word 1

Line 0 Status 1

Line 1 Status 2

Line 2 AnaIog Sub MUX

Line 3 Memory Verify

Line 4 Status 3

Line 5 Status 4

Line 6 Grating Position

Line 7 CCR Data

Line 8 Radiometric dc Level and Grating Pos Error

Line 9 Frame Sync Code

Sweep Modes Word 1

Line 1 Status 1

Line 2 Status 2

Line 3 Analog Sub MUX

Line 4 Memory Verify

Line 5 Status 3

Line 6 Status 4

Line 7 Grating Position

Line 8 CCR Data

Line 9 Radiometric dc Level (3)

Line 10 Frame Sync Code

Word 2

PMT Range 1 Data

PMT Range 2 Data

PMT Range 3 Data

Spare

Spare

Spare

Spare

Spare

Spare

Spare

Word 2

PMT Selected Range Data

PMT Selected Range Data

PMT Selected Range Data

PMT Selected Range Data

PMT Selected Range Data

PMT Selected Range Data

PMT Selected Range Data

PMT Selected Range Data

PMT Selected Range Data

PMT Selected Range Data

-

-

Notes: 1. All words are 16 bits; analog channels are encoded with two 8-bit samples per 1 fj-bit
word.

2. Rate is ten lines per second.
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Table 18.8-15 Digital A Analog Submultiplexer Data Assignments

-
Channel No.

1A

2A

3A

4A

SA

6A

7A

8A

9A

10A

11A

12A

13A

14A

15A

16A

Function Name

Chopper Motor Current

Diffuser Motor Current

HVPS Volts

Thermistor Bias (10 V Ref)

Cal Lamp Temp (0 80)

ECAL Ref

15 V Sensors (Volts)

-15 V Sensors (Volts)

24 V Motor (Volts)

5 V LED (Volts)

10 v Logic (Volts)

Calibration Lamp Current

Spare

Spare

Spare

Lamp Motor Current

Channel No.

1B

2B

3B

4B

5B

6B

7B

8B

9B

10B

11B

12B

13B

14B

15B

16B

Function Nam:

Spare

Diffuser Plate ‘fern?  (0 80)

SM Baseplate Terni! (-15 45)

25 V Power (Volts!

15 V Servo (V&sj

-15 V Servo (Volts)

CCR Diode Temp (-5 35)

SM Diff Temp Y-axis (+5”C)

SM Diff Temp Z-awis <.?S”C)

Diff Ref Temp Z-axis

Diff Ref Temp Y. .xi,:

PMT Cathode Tcirlu  (-1 x il

Spare

Chopper Phase F,-r _

Spare

Spare

18.8.2.7.10.2 Analog Telemetry-The analog telemetry consists of 17 conditioned analog house
keeping monitors wired directly to the TIP; these channels are listed in Table 18.8-: ‘*

18.8.2.7.10.3 Digital B Telemetry-The status of each command is verified with 2:: ’ .- ‘.. I * :ik;..

B telemetry as listed in Table 18.8-18.

18.8.2.8 Constraints

18.8.2.8-l General-The following are general constraints:

l The depolarizer temperature must be maintained greater than -10°C and I~.xs : t : :~40”;’
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Table 18.8-17 Analog Tekmetry  List

1. SM Baseplate Temp. #2 (-15 to +45)*
2. SM Structure Temp. (-15 to +45)
3. Depolarizer Housing Temp. (-15 to +45)
4. HVPS Temp. (-15 to +45)
5. Diffuser Plate Temp. #2 (0 to +80)*
6. Chopper Motor Temp. (-15 to +45)
7. Grating Motor Temp. (-15 to +45)
8. Diffuser Motor Temp. (-15 to +45)
9. Cal Lamp Motor Temp. (-15 to +45)

10. Electrometer Temp. (-15 to +45)
11. Cal Lamp Power Supply Temp. (-15 to +45)
12. Diffuser Radiator Temp. (-15 to +45)
13. ELM Temp. (-15 to +45)
14. LVPS Temp. (-15 to +45)
15. Diffuser Heater Current
16. Baseplate Heater Current
17. 28 V Main Power Voltage

-

*Powered from the 28 V switched telemetry bus.

The instrument temperature as measured at the spacecraft interface must be maintame;‘:.

- Greater than or equal to 0°C and less than or equal to +3O”C for in-spec. operation

- Greater than -10°C and less than +40°C for survival.

When the instrument is off:

- The diffuser must be stowed.

- The calibration lamp housing must be closed.

- High voltage must be inhibited.

The high voltage must not be turned on when the pressure is greater than 5 X loss  torr
except at room ambient.

The purge line cap must be installed on purge system intake whenever the purge line is
removed.
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Table 18.8-18 Digital B Telemetry Data Assignments

No. F u n c t i o n

1 Master Power On/Off
2 Discrete Yes/No*
3 Sweep Yes/No*
4 Cal Yes/No*
5 Position Yes/No*
6 HVPS On/Off
7 Motor Power On/Off
8 Lamp On/Off
9 Lamp Disabled/Enabled

10 Lamp Assy Open Cmd/Close  Cmd*
11 HVPS Enabled/Disabled
12 Diffuser Stow Cmd Yes/No*
13 Diffuser Mon. Cmd Yes/No”-
14 Diffuser Sun Cmd Yes/No*
15 Diffuser Decontam Cmd Yes/No*
16 Chopper Encoder Sensor Pri/Bkup
17 Grating Encoder Sensor Pri/Bkup
18 Diffuser Position Sensor Pri/Bkup
19 Lamp Position Sensor Pri/Bkup
20 Grating Drive Fix/Flex*
21 SM Baseplate Heater ON/OFF
22 Diffuser Decontamination Heater ON/OFF

Logic State
I(GND) 0 (+5 V)

OFF ON
Yes No
Yes No
Yes No
Yes No
O f f On
Off On
Off On
Disable Enable
Open Cmd Close Cmd
Disabled Enabled
Yes No
Yes No
Yes No
Yes No
Pri Bkup
Pri Bkup
Pri Bkup
Pri Bkup
Fix Flex
Off On
Off On

*Bit set indicates last command received. Command action may or may not have been
completed.

18.8.2.8.2 Prelaunch Phase

a. Contamination covers must remain in place on the Sensor Module for testing.

b. The Sensor Module must be continually purged with dry N, whose cleanliness has been
previously verified.

c. Personnel working around the Sensor Module, particularly when the contamination
covers are removed, must wear clean gloves, hoods, and facemasks. During the brief
periods when the covers are removed while the instrument is mounted on the spacecraft,
no work shall be done above the SBUV/2.

d. The carbon filter must be installed on the purge line intake during spacecraft T/V testing
and when the spacecraft is in its shipping container.

‘-

-
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18.8.2.8.3 Launch Phase

a. Verify that dust covers are removed prior to launch.

b. Verify that the diffuser is stowed and the calibration lamp housing closed over
entrance aperture. The SBUV/2 must be off for launch.

C. Verify that the carbon filter has-been removed.

d . Verify that the purge line cap is installed on the purging system ink&e.

18.8.2.8.4 Activation Phase

a. Initial tumon sequence

1. Instrument Power - ON

2.

3.

4.

5.

6.

Grating Memory - FIXED

Chopper Encoder Sensor - PRIMARY

Grating Encoder Sensor - PRIMARY

Lamp Position Sensor - PRIMARY

Diffuser Position Sensor - PRIMARY

7.

8.

9.

10.

Diffuser Position (1) - STOW

Lamp Assembly - CLOSED

Motor Power - ON

Instrument Power - ON

NOTE: The following two commands are not to be sent initially - ‘it?r. ,, ,,:., ~ L.,

from NASA and not before postlaunch day 15. In this interval during, ,tcfrt I/I’ ‘3
A&E, the grating drive system will be exercised.

the

11. High Voltage - ENABLE

12. High Voltage - ON

18.8-57



NOTE: The following command is not to be sent initially without go-ahead from
NASA and not before postlaunch day 30. In this interval during A&E, the grating

_ drive and fix/flex memory systems will be exercised and wavelength calibration data
will be collected. -

13. Lamp Assembly - OPEN

NOTE: Initial deployment_of  the diffuser will not occur without go-ahead from
NASA and not before postlaunch day 37.

18.8.2.8.5 Operational Phase-Activation of the Discrete Sun Enable and Sweep Sun Enable com-
mand sequences must be time-correlated with that portion of each orbit during which the Sun is
available for observation.
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